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THE SURGICAL SIGNIFICANCE OF PRIMARY CARCINOMA 
OF THE LIVER* 


AN ANALYSIS or Sixty-Six CASES AND A REPORT OF AN UNUSUAL CASE 
or Primary Hepatic CARCINOMA 


Rosert C. Overton, M.D., Van G. Kapen, M.D., AaNp W. R. Livesay, M.D., 
Houston, TEXAS 


(From the Department of Surgery, Baylor University College of Medicine, and the Surgical 
Services, Veterans Administration, Jefferson Davis, and Methodist Hospitals) 


r DIFFERENTIAL diagnosis of surgical diseases involving the liver and 
biliary system, primary carcinoma of the liver is seldom seriously consid- 
ered. This is because of the erroneous concept that this tumor is relatively 
rare and because of emphasis in the literature primarily upon such factors 
as etiology, epidemiology, and morphology rather than clinical characteristics. 

During the past few years we have encountered clinically primary car- 
cinoma with increasing frequency and now consider it in any patient with 
symptoms referable to the right upper abdominal quadrant, jaundice, or un- 
explained vague gastrointestinal complaints and evidence of rapid deteriora- 
tion suggesting malignant involvement. It is the purpose of this publication 
to review those histologically proved cases of primary carcinoma of the liver 
observed in four local hospitals during the period Jan. 1, 1947, through June 
30, 1954, and to report a rare form of carcinoma originating in the liver. 


ANALYSIS OF CASES 


The 66 cases reported herein are fairly representative of the local surgical 
population, since they have been observed in hospitals serving different socio- 
economic groups, including two private hospitals, a Veterans Administration 
hospital, and a large City-County charity hospital. Autopsies were performed 
in 79 per cent of the 66 cases and in the remainder, material for histologic 
diagnosis was secured surgically. 

Incidence—No attempt has been made to establish the incidence of 
hepatoma in terms of total hospital admissions. The post-mortem incidence of 
this disease for all hospitals was 0.88 per cent. The various types of patients 
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admitted to each hospital and the differences in percentage of autopsies do not 
permit accurate indication of the true incidence of the disease. For instance. 
in the Veterans Administration Hospital, where authorization for autopsy is 
secured in approximately 95 per cent of deaths, the 23 cases of hepatoma oc- 
curring during a four-year period constituted an incidence of 2.1 per cent. 
These, of course, represent selected cases, since the hospital population is al- 
most exclusively male. 

Age, Sex, Race.—The average age of patients in this series was 56.3 years, 
with extremes of 24 and 84 years; 7 (10.6 per cent) were under 38 years of age. 
Although the high proportion of men (86.3 per cent) in this series confirms 
previous sex distributions,’ ** it also reflects the predominance of male popu- 
lation in these hospitals. Twenty-two patients (33 per cent) were Negroes 
and 44 (67 per cent) were Caucasians, 4 of whom were Latin Americans, an 
incidence which approximates the local racial distribution. 

Predisposing Factors——Cirrhosis of the liver was found in 53.4 per cent 
of the 66 patients, significantly lower frequency than that of comparable 
reported series.’* *1}?4 Other evidence of previous hepatic damage was ob- 
served in 3 patients, 1 of whom had repeated bouts of hepatitis, 1 of whom 
had experienced a severe reaction to antisyphilitic arsenical treatment, and 
1 of whom exhibited evidence of hepatic damage following severe eclampsia. 
There were no patients with parasitic infestation of the liver. Eighteen were 
known alcoholics. Dietary insufficiency could not be evaluated from the 
clinical records. 


TABLE I. SIGNS AND SYMPTOMS OF HEPATOMA IN 66 PATIENTS ON ADMISSION 
NO. | PER CENT 
Palpable liver 61 92. 
Firm 45 67. 
Tender 49 64. 
Nontender 8 12. 
Nodular 36 54, 
Smooth 12 18. 
Separate and distinct mass on surface 11 16. 
Weight loss 47 71.2 
Pain 
Right upper quadrant 42 63.8 
Epigastric (including 3 peptic ulcers) 15 
Back 4 
Right shoulder 3 
Ascites 39 
Jaundice 34 
Pedal edema 30 
Nausea and vomiting 21 
Gastrointestinal bleeding 19 
Anorexia and weakness 18 
Alcoholism 18 
Abdominal swelling 17 
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Clinical Features—Signs and symptoms of hepatoma in these 66 patients 
are presented in Table I. Constant, dull, aching pain in the right upper ab- 
dominal quadrant was the most frequent complaint, with occasional radiation 
to the right shoulder, back, or right flank. Since 3 patients with epigastric 
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pain had peptic ulcers, the origin of their pain was not definitely identified. 
The next most frequent occurrence was decline of general health and rapid 
weight loss, averaging 35 pounds in about eight weeks. This occurred despite 
concomitant development of ascites and pedal edema. Abdominal swelling 
was associated with hepatic enlargement or rapidly accumulating ascites. 

Contrary to many reports,* ** gastrointestinal bleeding was a frequent 
early symptom in this series, and 7 patients died from massive hemorrhage. 
This symptom is especially significant in view of the relatively low incidence 
of cirrhosis in this series of patients. The etiology of the hemorrhage was 
esophageal varices in 6 instances. These were demonstrated by roentgeno- 
graphic studies in 3 and by esophagoscopy in the other 3. In 6 patients a 
lowered prothrombin time could probably be implicated as the cause (Table 
II), whereas in others no source of bleeding was demonstrable. 


TABLE II. Lasoratory DATA OBTAINED IN 66 PATIENTS WITH HEPATOMA 








DETERMINATIONS 
(NORMAL VALUES) NO. PATIENTS STUDIED PER CENT ABNORMAL 


Alkaline phosphatase 30 90.0 
(3-4 Bodansky units) 

Bromsulphalein 24 88.0 
(5% or less in 45 minutes) 

Serum bilirubin 38 87.0 
(0.1-0.4 mg. %) 

Cephalin-cholesterol 22 54.5 
(Floceulation 0-1+) 

Thymol turbidity 35 51.4 
(0-5 units) 

Prothrombin time 33 56.0 
(70-110% control) 

Total serum protein 40 37.5 
(6.3-8.0 Gm./100 e.c.) 

Albumin/globulin ratio 40 35.0 
(1.6/2.0) 








Pedal edema occurs frequently in patients with primary carcinoma of 
the liver. In most patients in this series edema of the lower extremities oc- 
curred alone or was present before the development of ascites. 

Of particular interest to the surgeon were the patients in whom jaundice 
was noted on admission. The etiology of the jaundice was difficult to deter- 
mine, particularly when right upper quadrant pain existed simultaneously. 

There were no recorded instances of hypoglycemic episodes in this group, 
nor was hyperpyrexia a feature, although slight elevation of temperature was 
recorded in several patients at some time during the hospital course. Symp- 
toms referable to distant metastases were not recorded on admission in any 
instanee. 

Physical Findings.—Physical characteristics of the liver are presented in 
Table I. Palpable liver was the most consistent finding on physical examina- 
tion. The degree of hepatic enlargement varied considerably, although in 
most instances the right lobe extended about 4 to 5 em. below the right costal 
margin. Usually, when there was moderate enlargement of the right lobe, the 
left lobe could also be palpated. Tenderness over the liver also was a promi- 
nent sign. 
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In addition to enlargement of the liver and presence of other masses in 
the right upper abdominal quadrant, physical examination revealed ascites 
in 39 patients. In one instance the presence of bloody ascitic fluid was elin- 
ically suggested by the presence of a positive Cullen’s sign. Dilated veins 
were noted in the abdominal wall in several instances, suggesting portal hyper- 
tension. However, splenomegaly was present in only 3 patients. Elevation 
of the right leaf of the diaphragm was demonstrable on physical examination 
in 17 patients. A friction rub was audible over the hepatic area in several 
patients. 

Laboratory Data.—Results of laboratory studies appear in Table II. The 
level of alkaline phosphatase in the serum was increased in 27 patients and was 
above 10 Bodansky units in 18. Serum bilirubin was increased in 33 of 38 
patients, and clinical jaundice was recorded in 33 of the 66 cases. 

Hight of 12 patients with serum bilirubin levels above 2 mg. per 100 c.c. 
of blood had alkaline phosphatase levels above 10 Bodansky units, and 6 of 
12 with serum bilirubin levels under 2 mg. per 100 ¢.c. of blood had alkaline 
phosphatase levels above 10 Bodansky units. Statistically this is not signifi- 
eant but confirms the clinical impression of a disproportionate elevation of 
the alkaline phosphatase. The thymol turbidity and cephalin-cholesterol floc- 
culation tests were abnormal in almost equal proportions. 

Three arbitrary levels of hemoglobin (13.5 Gm., 11.5 Gm., and 10.0 Gm.) 
were selected to classify the degree of anemia as mild, moderate, or severe. In 
only 8.3 per cent of the 36 patients were the hemoglobin levels in the category 
of severe anemia, while 30.8 per cent were moderate and 33.1 per cent mild. 
Thirty-seven and eight-tenths per cent of the 36 patients had normal hemo- 
globins. A relative leukocytosis was noted in 27 per cent of the 66 patients. 

Roentgenologic Examinations.—Roentgenologiec examination offered valu- 
able diagnostic information to the over-all clinical picture of hepatoma, but 
in no ease could a specific diagnosis be obtained by roentgenographie studies 
alone. The most informative studies included roentgenograms of the chest 
and abdomen, gall bladder, and upper gastrointestinal tract. In thirteen of 
nineteen routine chest roentgenograms, elevation of the right leaf of the 
diaphragm was specifically mentioned. Enlargement of the liver shadow was 
noted in twenty-one roentgenograms of the abdomen. 

Cholecystograms in 19 of 24 patients were reported as showing poor con- 
centration of dye, or frank nonvisualization of the gall bladder. 

In fourteen of twenty-three roentgenograms of the upper gastrointestinal 
tract there appeared to be displacement or distortion of the stomach or duo- 
denum by an extrinsic mass in the region of the liver. This was usually seen 
as distortion of the lesser curvature of the stomach or compression of the sec- 
ond or third portion of the duodenum. 

Esophageal varices were demonstrated by barium visualization in 3 
patients. 

Clinical Course——Rapid progressive deterioration is characteristic of pri- 
mary hepatoma. The terminal course and cause of death were accurately 
recorded in 43 patients in this series. In 35 instances progressive lethargy 
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developed leading to stupor, coma, or shock. The average period of survival _ 
from onset of symptoms to death was 5.7 months. Most patients never left 
the hospital after admission, and the average hospital stay was forty-three 
days. In 8 patients death was caused by massive upper gastrointestinal bleed- 
ing and irreversible shock. In all of these esophageal varices were demon- 
strated, either ante mortem or post mortem. One patient died following spon- 
taneous rupture of a tumor and intraperitoneal exsanguination, and in 5 addi- 
tional patients intraperitoneal bleeding was considered a contributory cause 
of death at autopsy. Four patients died in the immediate postoperative period, 
and most of the remainder died of unassociated causes. One fatality was 
attributable to perforated gastric ulcer with resultant peritonitis. 


Fig. 1.—Cut surface of liver demonstrating massive replacement with neoplastic nodules. The 
portal vein is filled with a tumor thrombus. 


Pathologic Features——In 62 cases autopsy or surgical records adequately 
recorded pathologie features. The morphology of hepatic tumors in this series 
was consistent with that of similar studies published.® 1° Grossly, the tumor 
could be classified best into four distinet types. In 43 instances the liver was 
characterized grossly by diffuse studding over the surface and eross sections, 
with tumor nodules up to 5 em. in diameter (Fig. 1). In 7 instances there was 
a single large tumor nodule, approximately 10 em. in diameter, with a few 
scattered smaller nodules up to 1 or 2 em. in diameter in the contiguous 
hepatie parenchyma (Fig. 2). In 7 cases the tumor was so diffusely scattered 
and the nodules of such diminutive size that it was grossly indistinguishable 
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from cirrhosis (Fig. 3). In 5 instances the tumor was localized or composed 
of a single solitary mass (Fig. 4). In 5 instanees it was indistinguishable from 
the surface, and in 1 instance the tumor was characterized grossly by scattered 
small nodules but was confined entirely to one lobe of the liver. The average 
weight of the organ for 46 recorded cases was 3,358 Gm. 


Fig. 2.—Cut surface of liver with large single tumor and several scattered smaller nodules. 


3.—Cut surface of liver in which massive replacement by primary carcinoma is not 
distinguishable from gross appearance. 


Microscopically, the tumor was characteristically composed of large 
polyhedral cells with abundant pink-staining cytoplasm and large hyper- 
chromic nuclei. An occasional cell contained bile. They tended to arrange 
themselves in a tubular pattern, usually along capillary sinusoidal beds. Often 
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the cells so closely simulated normal hepatic tissue that they were indistin- 
guishable, whereas in others abundant mitotic figures and other evidences of 
malignant involvement were striking. This picture of hepatoma, or hepatic- 
eell carcinoma, occurred in 49 instances. In 12 the histologic picture was char- 
acterized microscopically by acinar tubular nests of cuboidal or columnar epi- 
thelium in a more dense fibrous stroma, typical of bile duct carcinoma or 
cholangioma. There was 1 case of mixed bile duct and hepatic-cell carcinoma, 
a rare combination.* 


Fig. 4.—Cut surface of liver demonstrating carcinoma confined primarily to right lobe. 


Gross evidence of venous invasions was noted in 11 instances, in 9 of 
which the portal vein was involved, whereas in the other 2 the inferior vena 
cava was affected. Local invasions of the diaphragm or abdominal wall were 
found on 4 occasions. In 1 instance a large bulky tumor had broken down 
and was the site of a large hepatic abscess and a contiguous subphrenic ab- 
scess. Metastases occurred in 35 of the 62 instances, to local lymph nodes in 
22, the lungs in 21, the adrenal glands in 5, pancreas in 1, peritoneum in 6, 
the heart in 1, pleura in 1, skeleton in 4, brain in 2, kidney in 1, mediastinum 
in 1, and spleen in 2. Local lymph nodes and pulmonary metastases were by 
far the most frequent sites of distant spread. The presence of 4 skeletal 
metastases among 66 cases is noteworthy since it is considerably higher than 
the incidence reported by Carnahan.® 

The presence of ascites was recorded in 50 instances, in 17 of which the 
fluid was bloody and in 5 of which it was considered contributory to death. 
In 10 patients no ascites was observed at laparotomy or post-mortem examina- 
tion. 
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Esophageal varices with massive gastrointestinal hemorrhage were en- 
countered on 9 occasions. Associated hemochromatosis was recorded in 2 
patients. 

Aside from the concomitant cirrhosis, present in 32 instances, absent in 
27, and unrecorded in 3, the associated biliary disease was confined to the gall 
bladder. Cirrhosis was classified as portal in 30 cases and biliary in 2. In- 
terestingly, 1 of the 9 patients with cholangioma had biliary cirrhosis. 
Chronic cholecystitis with associated cholelithiasis occurred in 11 patients and 
1 had a congenital bifid gall bladder. One patient had an associated heman- 
gioma of the liver. Other associated findings included carcinoma of the pros- 
tate in 2 patients, pituitary adenoma in 2, leukemia in 1, uterine fibroid in 1, 
and ovarian cyst in 1. 

Comparison was made of the pathologic diagnosis obtained at laparotomy 
and from needle biopsy with that determined at autopsy.. In 25 of the 66 
patients no previous biopsy had been secured. In 20 of 28 instances in which 
histologic material was secured at laparotomy the diagnosis was correct, in 
1 no diagnosis was made, in 4 the error was made in favor of metastatic car- 
cinoma, and in 3 a diagnosis of cirrhosis alone was made. In only 3 of 13 
patients in whom ante-mortem needle biopsy of the liver had been performed 
was the diagnosis accurate, as confirmed by autopsy. Of the remaining 10, 
no diagnosis was made in 1, in error in favor of metastatic carcinoma in 6, 
whereas a diagnosis of cirrhosis alone was made in 3. In 1 instance a speci- 
men from a supraclavicular lymph node was examined, and a diagnosis of 
undifferentiated metastatic carcinoma alone was made. In 1 instance ascitic 
fluid was positive for malignant cells, but the diagnosis of hepatie primary car- 
cinoma was not suspected. In 1 the ascitic fluid demonstrated no evidence of 
malignancy. 

Autopsy material was carefully studied in an attempt to predict operabil- 
ity. In 8 of the 66 cases the tumor would have been locally operable, although 
in 2 of these, total lobectomy would have been necessary. In 1 of these the 
portal vein was involved by tumor thrombi, but no evidence of distant spread 
was found in the other 7. 

Treatment.—Surgical exploration was carried out in 29 patients with re- 
section of localized carcinoma in 2. One patient died in the immediate post- 
operative period in irreversible shock, apparently secondary to a transfusion 
reaction. The other resection was in a child with a rare form of primary 
hepatic neoplasm and is described in the following case report. Attempts at 
palliation by means of irradiation were unsuccessful in this series and prob- 
ably hastened deterioration of already extremely debilitated patients. Intra- 
peritoneal instillation of colloidal gold was carried out in 1 patient with no 
obvious benefit. 

CASE REPORT 


W. J. F., an 8-month-old white boy, was admitted to Hermann Hospital, Houston, 
Texas, on June 13, 1953. The child had apparently been well following a normal neonatal 
period and normal delivery until one week prior to admission, when the mother noted a 
mass in the right upper abdominal quadrant. 
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Physical examination on admission revealed an apparently normal and well-developed 
child. Temperature was 101° F., and pulse rate 120 per minute. Palpation of the abdomen 
revealed a large, firm, nodular mass in the right upper abdominal quadrant, extending well 
below the umbilicus on the right side and slightly below the left costal margin. The only 
other positive physical finding was the presence of congenital megacornea. Roentgen- 
ographic examination revealed only a large soft-tissue shadow in the right upper portion 
of the abdomen. 


Laboratory studies revealed hypochromic anemia, with a red blood cell count of 
3,720,000 per cubic millimeter and hemoglobin of 9.2 Gm. The white blood cell count was 
14,000 per cubic millimeter with 77.7 per cent eosinophilia. Results of urinalysis were 
negative. No liver function studies were perfurmed preoperatively. 


Fig. 5.—Cut surface of the right lobe of the liver demonstrating massive neoplastic replacement. 


The impression was that the child had a Wilms tumor, and exploration was advised. 
Accordingly, exploration of the abdomen on June 15, 1953, through a right transverse in- 
cision revealed the tumor to be confined to the liver and replacing the majority of the 
right lobe. A right lobectomy was accomplished by careful isolation and division of all 
biliary and vascular channels supplying the right lobe and division of the hepatic sub- 
stance just to the left of the round ligament. Hemostasis was secured by large chromic 
mattress sutures near the incised raw surface. The upper abdomen was drained, and the 
wound was closed anatomically. 

The postoperative course was characterized by spiking elevations of temperature and 
slight jaundice for two weeks but both subsided spontaneously. Subphrenic cellulitis was 
suspected. 

The child was given postoperative irradiation therapy and was discharged on Aug. 
22, 1953. He died at home in July, 1954, with evidence of pulmonary metastases. 

Pathologic Report.—The external surface of the specimen consisting of a right lobe of 
the liver with attached gall bladder was lobulated, and gray-yellow nodules were visible 
beneath the capsule. Cut surfaces revealed the presence of a tumor measuring 10.5 by 
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7 by 7 em. (Fig. 5). The neoplastic area was gray-yellow and brown. Scattered areas 
offered increased resistance to cutting and apparently contained calcium. 

Multiple sections made from the tumor revealed variable histologic appearance in 
different areas. In some areas were cords and columns of neoplastic cuboidal epithelial 
cells which tended to form trabeculae or acinar-tubular structures. In some areas thie 
epithelial cells were surrounded by rather dense, apparently neoplastic, spindle-shaped 
mesenchymal cells with hyperchromic pleomorphic nuclei containing numerous mitotic 
figures. In other areas within the tumor were masses of osteoid tissue, and in still others 
actual calcification with osseous formation was noted. Within the tumor were extremely large, 
dilated vascular spaces, some containing neoplastic cells and scattered areas of extravasated 
red blood cells (Fig. 6). 

Pathologic Diagnosis.—Pathologic diagnosis was embryonal hepatoma (malignant tera- 
toma), right lobe of liver. 


Fig. 6.—Histologic appearance of malignant teratoma. Both epithelial and mesenchymal neo- 
plastic cells are evident. Osteoid tissue is noted in the left upper portion of the field. 


This is apparently the third case report of a malignant teratoma arising 
in the liver.1* ** It is not ineluded in the analysis of the primary liver car- 
cinoma but is reported because of its rarity and interest. 


DISCUSSION 


Previous publications, with few exceptions, have failed to emphasize 
hepatoma as a surgical problem. Its reported rarity alone would tend to ex- 
clude it in the majority of differential diagnoses. Aside from isolated geo- 
graphic sites and racial groups,* * 1* 7% 3% 32 the literature suggests a fairly 
low autopsy incidence of primary carcinoma of the liver, that is, 0.25 per cent 
for the United States.® 1° 1% 23 We agree with Edmondson and associates? that 
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the exact incidence is not available today, but the increasing number we have 
seen on the surgical wards within recent years supports our high autopsy oe- 
currence (0.88 per cent). When compared with the incidence of carcinoma of 
the gall bladder (0.5 per cent) and of the pancreas (0.75 per cent), the relative 
occurrence of primary carcinoma of the liver observed by us assumes greater 
significance.” *° Aside from the desirability of establishing the frequency ac- 
curately, the possibility of surgical benefit for these patients increases the im- 
portance of a better understanding of this entity. 

The diagnosis of primary carcinoma of the liver is facilitated by constant 
awareness of its likelihood and protean nature. Although the clinical picture 
presented by the patients in this series admittedly does not provide any specific 
clues, we believe that cognizance of the lesion in the presence of any combina- 
tion of these clinical features should increase the frequency with which this 
diagnosis is made. We do not agree with other authors,’* * therefore, that 
the diagnosis can be made only at autopsy. Attention is directed to the rela- 
tively high proportion of patients in whom jaundice and gastrointestinal hem- 
orrhage occurred. 

Although the presence of cirrhosis or antecedent hepatic disease, par- 
ticularly hepatitis,?> adds credence to the consideration of primary hepatoma 
in patients with other suggestive evidences, it is not prerequisite. Although 
the average age group in this series agrees with most reported series, 7 pa- 
tients in our series were under 38 years of age, in contrast to only 2 among 
386 cases collected by Greene.’® 

Physical findings found to be of diagnostic assistance, in addition to the 
universally enlarged liver, included a friction rub over the liver, bloody ascites, 
and severe cachexia in a patient with no other etiological factors demonstrable. 
Unexplained hyperpyrexia or the presence of hemachromatosis also constituted 
suggestive evidence.® 

The diagnosis was made clinically without benefit of biopsy in 20.5 per 
cent of our 66 patients. In addition, hepatoma was strongly suspected in the 
differential diagnosis of another 20 per cent of patients. Encouraging was 
the increasing accuracy of the diagnosis among patients seen in more recent 
years. As would be expected, the most frequent error in diagnosis was made 
in favor of cirrhosis (19 per cent) or metastatic carcinoma of the liver (15.5 
per cent). In the latter cases, the site of the primary lesion was always in 
doubt, with either no suggestion as to its location or a listing of nearly all the 
probabilities. ,The absence of any preceding or existing signs and symptoms 
of a primary lesion in an asthenic individual with probable hepatic involvement 
is highly suggestive of hepatoma. Inflammatory disease of the extrahepatic 
biliary system was erroneously suspected in 13.5 per cent of the patients, and 
in another 13 per cent amebic hepatitis, a highly endemic disease in this region, 
was under suspicion. Concomitant diagnostic evidence of disease of the biliary 
tract in jaundiced patients does not exelude the possibility of hepatoma, as 
poor or absent function of the gall bladder was demonstrated by cholecys- 
tography in a large number of patients, and chronic cholecystitis with cho- 
lelithiasis was detected at post-mortem examination in 10 per cent of the group. 
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The differential diagnosis between hepatic cirrhosis and primary hepatoma 
either alone or in combination is certainly the most difficult. Most symptoms 
of hepatoma are referable to the coexisting cirrhosis or closely mimie cirrhosis 
with its massive compromise of intrahepatic veins and bile ducts. Helpful in 
this differentiation is the almost complete lack of response of carcinoma to the 
usual medical measures to which cirrhosis usually responds. Another impor- 
tant differential factor is that evidences of advanced hepatic failure associated 
with cirrhosis, such as jaundice and manifestations of portal hypertension, are 
not characteristically present until after the liver has become small and 
atrophic. The malignant liver is characteristically large, palpable, and tender, 
and is usually much firmer than one would expect in hepatomegaly of cardiac 
origin. Roentgenographic and laboratory examinations often add support to 
the clinical diagnosis. Roentgenographically, a large hepar with encroachment 
upon adjacent viscera and elevation of the right diaphragm are the most con- 
stant positive findings, although in occasional cases the diagnosis has been 
made from the intrahepatic shadows or the presence of ealcification.”® 

Promising, particularly in determining the extent of involvement, have 
been recent studies made with Thorotrast uptakes and use of special roent- 
genographic techniques, as well as radioactive albumin uptake studies.?’ 

Liver function studies suggesting mild obstructive jaundice and elevation 
of the alkaline phosphatase above that expected on the basis of levels of serum 
bilirubin are of considerable diagnostic significance. Leukocytosis, especially 
when accompanied by relative eosinophilia, and the presence of hypoglycemic 
episodes also offer suspicion of primary hepatoma.’ 

Needle biopsy is not indicated except in patients whose condition has al- 
ready become extremely deteriorated. Whereas it is helpful in patients who 
are nearly moribund or obviously inoperable, the number of positive diagnoses 
gained does not overshadow its potential hazard. Aside from the usual com- 
plications associated with this procedure, Sommerfeldt®® reported the possibil- 
ity of seeding of the carcinoma. If the physical condition at all warrants it, 
therefore, exploration should be performed in all patients in whom hepatoma is 
suspected, both to establish the diagnosis and to evaluate the possibility of 
surgical extirpation. This may be accomplished under local anesthesia through 
a small right upper quadrant transverse incision and is probably no more 
hazardous than needling of the liver. 

The pathologic features of primary carcinoma of the liver render surgical 
management extremely difficult. Massive growth and hepatic replacement 
prior to appearance of clinical manifestations preclude extirpation in most 
patients. Hepatic insufficiency from replacement by the tumor, pre-existing 
cirrhosis, or other hepatic damage makes the majority of patients poor surgical 
risks. Malignancy of the neoplasm is attested to by the presence of distant 
metastasis in over one-half the cases at post mortem and gross venous invasion 
in one-sixth. 

As mentioned, only 2 patients in the series had surgical removal of the 
tumor. On the basis of post-mortem examination, extirpation would have 
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been feasible in only 7 other patients, 2 of whom had venous involvement and 
1 in whom the lesion was so small that its discovery would have been unlikely 
except as an incidental finding at laparotomy. In those cases in which the 
lesion is localized or confined to one lobe, a fair chance at salvage may be 
possible. Five-year cures and 50 per cent survival rates in resected lesions 
have been recorded in some series.* 17 3% 36 (Careful selection of site and ade- 
quacy of biopsy are important, since exploration often results in an erroneous 
diagnosis. At exploration, careful attention should be given, in addition to 
the local involvement, to the inferior vena cava, para-aortic nodes, and adrenal 
glands in evaluation of operability. 

Progress in surgical management will be gained only with earlier diag- 
nosis of primary hepatoma and abandonment of an attitude of futility. The 
average survival of 5.7 months in these patients justifies a more radical ap- 
proach to the problem, particularly in light of the salvage rate in patients with 
other lesions, such as carcinoma of the pancreas, a condition customarily at- 
tacked with great vigor. 


SUMMARY 


An analysis of 66 cases of primary carcinoma of the liver occurring over 
the past seven years has been presented. The importance of considering this 
lesion in the diagnosis of surgical disease of the biliary system is emphasized. 


We are indebted to Dr. L. W. Able for the use of his case of primary teratoma, and to 
the Departments of Pathology of the Veterans Administration Hospital and Hermann Hospital 
for illustrations and use of their autopsy material. 
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BACTERIOLOGIC STUDIES OF THE HUMAN LIVER 


JoHN F. Perry, JR., M.D., BERNARD HERMAN, M.D., PETER J. ODENBRETT, B.S., 
AND ARNOLD J. KreEMEN, M.D., MinNEApoLis, MINN. 


(From the Department of Surgery, Mount Sinai Hospital, and the Department of Surgery of the 
University of Minnesota) 


HAT the healthy canine liver contains viable anaerobic spore-forming bac- 

teria is a long-established fact, and considerable interest has been manifest 
in the exact significance of these organisms. Certain is the fact that the dog 
does not tolerate isolated segments of his own liver or of the livers of other 
healthy adult dogs in the peritoneal cavity, death resulting rapidly under these 
circumstances from a fulminant peritonitis. Ellis and Dragstedt? (1929) have, 
however, shown that the fetal canine liver placed under sterile conditions into 
the peritoneal cavity of adult dogs does not cause death of the host animal, and 
from these fetal livers, no anaerobic spore-forming organisms could be cultured. 
It seems clear, therefore, that the mechanism of death in so-called liver autolysis 
in the dog is bacterial. 

The bacterial status of the human liver is less well known. 

Ford? (1900) reported cultures from nine human autopsies taken four to 
six hours after death and found growth of bacteria in every instanee. Colon 
bacilli and staphylococci were recovered. He concluded that normally a few 
bacteria were present in healthy human organs and that these multiplied after 
death. Since in many instances these patients had died of sepsis, this cannot 
be considered a healthy organ study. Shann and Fradkin* (1933) reported a 
patient who had sequestered a large fragment of the liver into the peritoneal 
cavity following cholecystectomy and this had subsequently been removed with 
recovery. Six additional patients were reviewed by these authors in whom frag- 
ments of liver were found free in the peritoneal cavity, without apparent harm- 
ful effect. Brim* (1939) reported cultures of liver and spleen of stillborn in- 
fants and babies dying a few hours after delivery. Positive cultures were ob- 
tained in eight of 100 babies; in each instance of positive culture except one the 
fetus was stillborn and macerated. Escherichia coli was recovered from the 
liver in three instances and from the spleen in two. An anaerobic Streptococcus 
was recovered from the liver in the other three positive cases. Mason and Hart® 
(1940) cultured five human livers at autopsy from which was isolated an or- 
ganism like the Welch bacillus which was a gas-forming, gram-positive obligate 
anaerobe and was positive for the Welch-Nuttall rabbit test. Lewis and Wangen- 
steen® (1950) placed segments of human liver obtained at autopsy under sterile 
conditions into the peritoneal cavities of dogs. Only two of seven animals so 
treated died, whereas 100 per cent mortality was experienced using canine liver 
instead. Cultures of the human liver samples used grew only Aerobacter and 
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Staphylococcus. They concluded that the relatively benign effects of intra 
peritoneal human liver fragments were due to the absence of anaerobic organ- 
isms such as are found in the liver of the dog. Romieu and Brunschwig’ (1951) 
obtained cultures of the human liver at operation in twelve patients with neo- 
plasms of the lower abdomen. In ten instances sterile cultures were obtained 
and in the two others bacterial growth occurred. In one, Pseudomonas pyocy- 
aneus was recovered from the liver as well as from bladder urine and a wound. 
In the other a diphtheroid bacillus was cultured and was believed to be a con- 
taminant. Sborov and associates® (1952), interested in the potential role 
played by the intestinal flora in hepatie disease and stimulated by the interest 
currently of ligating the hepatic artery as treatment for portal hypertension 
and esophageal varices, reported a series of eighty-six liver biopsies from sixty- 
six patients, taken with the Vim-Silverman needle. Eighty-five were taken from 
living patients and one was taken thirty minutes after death. In that case 
where the culture specimen was obtained post mortem Streptococcus pyogenes, 
E. coli, Proteus vulgaris, and Proteus mirabilis were cultured. From one living 
patient a Klebsiella was cultured and from another a nonpathogenic Asper- 
gillus species. All other cultures were sterile under aerobie and anaerobic con- 
ditions. It was concluded that in the majority of instances in the livers of 
normal persons and: those with hepatitis, bacteria are not found. The present 
study was undertaken to confirm the nonexistence of bacteria in the human liver 
during life and to determine if bacteria could be recovered from the portal 
venous blood. 


METHOD 


Patients were chosen who were to undergo laparotomy for a variety of intra- 
abdominal diseases. Excluded were those who had known bacteremias or those 
wherein the presence of intra-abdominal sepsis would render the taking of liver 
samples for culture under sterile conditions impossible. After the abdominal 
cavity had been opened, the lower free edge of the liver was exposed and, using 
instruments hitherto not used in the procedure, a wedge of liver 10 mm. in 
diameter was taken. Portal vein cultures were taken by needle aspiration of 
the portal vein under direct vision. In thirty-nine patients liver biopsies were 
taken for culture and in three of these portal venous blood was taken for culture 
as well. The specimen was transferred immediately to a culture tube contain- 
ing 10 ml. of thioglycollate broth. The liver specimens were incubated over- 
night at 37° C. and then macerated in a tube of thioglycollate broth using a 
sterile 1 ml. serologic pipette, the tip of which had been cut off to leave a rough 
edge. One-half milliliter of the macerated material was then transferred to a 
sterile tube of tryptose phosphate broth and 5 drops of the material was placed 
on a blood agar plate and an eosin—methylene blue agar plate. Gram-stained 
smears were also made at this time. Cultures were examined for growth daily. 
Blood agar plates and eosin—-methylene blue agar plates were discarded after 
four days. The broth cultures were incubated for at least twenty-one days 
before discarding. At the end of seven, fourteen, and twenty-one days smears 
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were made from the thioglycollate broth culture and the tryptose phosphate 
broth culture, and subcultures to a blood agar plate were made at the same time. 
Cultures which failed to show growth after three weeks were discarded and 
reported as sterile. 

RESULTS 


An aerobic coagulase-negative Staphylococcus was cultured from thiogly- 
collate broth in one instance but was not recovered from any other media used 
for culture and was, therefore, considered most likely to be a contaminant. This 
patient had obstructive jaundice on the basis of common duct stone. In a 
second patient with advanced carcinoma of the tongue, who was operated upon 
for the performance of a gastrostomy, culture of liver tissue also revealed 
growth of an aerobic coagulase-negative Staphylococcus. This was thought to 
be a contaminant. In thirty-seven of thirty-nine patients, cultures of liver tissue 
were sterile on all media and the three blood cultures from the portal vein were 
sterile as well. 

These data would seem to support the conclusion that viable bacteria are 
not normally present in the human liver as in the dog and a limited experience 
suggests they likewise are not present in the portal blood under ordinary eir- 
cumstances. 

SUMMARY 


Clinical and laboratory evidence available to date suggests that the human 
liver, unlike that of the dog, does not contain viable bacteria. 
Thirty-nine liver biopsies and three portal vein blood samples were cultured 


under aerobie and anaerobic conditions. Thirty-seven liver cultures were sterile. 
An aerobic coagulase-negative Staphylococcus was recovered from liver cultures 
in two instances and was thought, in both, to be a contaminant. All portal 
vein blood cultures were sterile. 
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ACUTE GASTRIC ULCER 
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INDIANAPOLIS, INp. 


(From the Surgical Service of the Indianapolis General Hospital, Veterans Adminstration 
Hospital, and the Indiana University Hospitals) 


HE usual gastric ulcer and that to which practically all medical literature 

is directed is the chronic ulcer. This is the familiar typical, large, crater- 
like lesion which has eaten for months and years into the gastric wall (Fig. 1). 
It may oceur at any site but is most frequent in the prepyloric area. Penetra- 
tion is prevented or held in check by an ever-increasing wall of connective 
tissue. The ulcer gives rise to familiar signs and symptoms and shows its 
characteristic silhouette on x-ray examination. 

Contrasted with this well-recognized and much-discussed lesion is a rather 
ill-defined group of acute gastric ulcers. They include a heterogeneous as- 
sortment which has little in common except for acute features. From them 
we have chosen for discussion a small group of what appear to be primary 
acute gastric ulcers. These seem to us to be a distinct entity requiring a defi- 
nite pattern of therapy. Medical literature covering this group has been in- 
adequate.” * & § 

Excluded from discussion of primary acute gastric ulcer is the acute 
prepylorie ulcer. This mimics in every way the duodenal ulcer. Its symptoms 
are the same, its potentialities are the same, it is treated in the same manner. 
In fact, at operation on the anterior perforating type, it is often difficult or 
impossible to determine on just which side of the pylorus the perforation has 
occurred. Also excluded are acute marginal ulcers and hiatus hernia ulcers 
since too many secondary factors complicate these lesions for them to be con- 
sidered as primary. It is likewise obvious that acute ulcers must be excluded 
which are associated with portal hypertension, stress syndrome,’ metabolic 
ulcers of burns, and the frequent ulcers seen at post-mortem.® 

All these entities produce interesting speculation as to their possible as- 
sociation with both chronie and primary acute gastric ulcers. Their connec- 
tion cannot be entirely eliminated but in so far as could be determined they 
were not factors in the cases under discussion. In a broad sense no gastric 
uleer is primary. They all must have some underlying factor or factors. 
But just as the chronic gastric ulcer is a distinct entity, we believe that there 
is an acute gastric uleer about which little concern has so far been shown. Its 
background is the same as the chronic ulcer but it has quite a different train 
of symptoms and potentialities. 

Our knowledge of primary acute gastric ulcer is based on an experience 
of only eight patients who were operated upon at three Indianapolis hospitals 
during the five-year period from 1948 to 1953. Characteristic lesions were 
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found in all of these (Fig. 2). A like number of patients were seen on the 
medical and surgical services who were thought to have similar ulcers. These 
did not come to operation or post-mortem (three deaths) and therefore the 
exact lesion could not be verified. 

It is difficult to arrive at any accurate estimate of the incidence of acute 
gastric uleer as compared to chronic ulcer. Of those cases with massive 
gastroduodenal bleeding reported by Stewart,’ 10 per cent were considered due 
to acute gastric ulcer. This indicates a much higher rate than has been our 


experience. 


Fig. 1.—Chronic gastric ulcer with characteristic penetration of stomach wall backed by 
ever-increasing proliferation of scar tissue. 


DESCRIPTION 


As the term implies, the process is an acute one, giving little opportunity 
for the formation of sear and fibrosis. The penetration may be only through 
the mucosa, as indicated in the cases reported by Thieme,® or it may have 
reached the muscular layer (Fig. 2, B). Often there is insufficient scarring 
to identify the ulcer from the serosal surface. The ulceration is quite small; 
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Fig. 2.—A, Acute gastric ulcer showing superficial ulceration which even at this stage 
is reaching for the unthrombosed vascular plexus of the upper lesser curvature. 

B, Acute gastric ulcer which has invaded a large submucosal artery of the upper lesser 
curvature. The hole in the artery is shown temporarily plugged with a thrombus. 
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we have never seen one larger than 1 em. in diameter. They are often hidden 
in the folds and rugae of the gastric mucosa so that they may be overlooked at 
operation. Although the penetration may be slight, it has occurred rapidly 
enough to open large vascular channels before an adequate protective throm- 
bosis takes place. This gives rise to one outstanding feature of the acute 
uleer—exsanguinating hemorrhage. Others perforate without hemorrhage. 

A persisting hemorrhage from a minute, cryptic acute ulcer was seen in 
five of our eight cases. The site of these five ulcers was quite constant, being 
high on the lesser curvature. This particular area favors massive blood loss. 
It has a tremendous blood supply and there are large blood channels lying im- 
mediately beneath the mucosa which are readily opened by sudden ulceration. 

In the five patients in whom bleeding was outstanding (no perforation), 
symptoms of ulcer had been present for from three to fourteen days. Hemor- 
rhage was known to have taken place for an average of three days before the 
patient entered the hospital. These patients continued to bleed dangerously 
while being observed in the hospital for an average of nearly two days. Four 
of the patients received wide subtotal resections and did very well. Small 
cryptic ulcers were found high in the lesser curvature of all. A fifth patient 
went into sudden collapse and died while being observed. Autopsy revealed 
a small acute ulcer high on the lesser curvature near the esophagus and, of 
course, a stomach and intestine full of blood. 

In three of the eight patients actual perforation had taken place from 
ulcers occurring at a distance of more than two inches proximal to the pylorus. 
One perforated posteriorly into the lesser sac, one anteriorly at the mid-por- 
tion of the stomach, and one through the lesser curvature. These ulcers were 
similar in appearance to acute perforated duodenal ulcers. They were small, 
punched-out defects containing a negligible amount of sear. In none was 
there any question of bleeding. The signs and symptoms were those of a per- 
foration and the cases were handled as such. In one there was no previous 
uleer history, with an eight-hour history of pain and demonstration of air 
beneath the diaphragm. The other two patients had seven-day ulcer histories, 
one with perforating signs, one with undiagnosed abdominal signs. 


DIAGNOSIS 


We believe it is highly probable that there are many acute gastric ulcers 
which do not bleed, or perforate, and which give rise to few or no symptoms. 
These may be associated with gastritis and are seen in a variety of metabolic 
disturbanees. They are of little consequence in our present discussion since 
they are self-limited with their associated disease. In themselves they do not 
complicate the original disease and are not serious hazards until they bleed 
or perforate. 

It is obvious that in our small group, those three eases which perforated 
posed no unusual problem, although the diagnosis was somewhat less clear 
than in the usual duodenal perforation. They all had signs and symptoms 
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Suggesting a perforation and all received prompt operation. One of thes: 
patients died on the eighth postoperative day from a series of complications 
but the diagnosis was evident and the treatment correct. 

On the other hand, the exact diagnosis is by no means clear in those acut: 
ulcers which bleed. In these, pain is not prominent, no crater is seen on 
barium meal, there is no characteristic x-ray finding, and laboratory tests 
indicate only a varying degree of blood loss. To these nonecommittal features 
are added an unexplained vomiting of blood or tarry stools and possibly a 
brief ulcer history. The entire picture merely adds up to severe upper gastro- 
intestinal hemorrhage, and the exact site cannot be accurately foretold. 

It is then imperative that we seek clues which may suggest the true diag- 
nosis, for on that ability may rest the patient’s life. Undoubtedly the most 
frequent cause for upper gastrointestinal hemorrhage is chronic gastric or 
duodenal uleer. These are by far the greatest offenders. Both leave tell-tale 
histories in practically every instance plus a deformed x-ray shadow. It is 
true that a patient may have a rather benign chronic ulcer and yet hemor- 
rhage from an acute uleer. This was the situation in one of our patients. 
Nevertheless, absence of a preceding ulcer history and negative gastrie x-ray 
examination would strongly suggest upper gastrointestinal hemorrhage to be 
from an acute ulcer high on the lesser curvature. 

The only other really important situation which must be considered is 
gastric or esophageal hemorrhage which is associated with cirrhosis and portal 
hypertension. This differential diagnosis is important since it is generally 
conceded that this condition is best treated initially with balloon tampon and 
transfusions rather than surgery. Admittedly, portal hypertension may not be 
entirely eliminated by history, but this is very helpful and proof may be 
strengthened by liver function tests and failure to demonstrate esophageal 
varices. 

An interesting although not particularly helpful feature in this small 
group was the age of these acute ulcer patients. Their average age was 9. 
All but one of these patients were in the fifth decade of life. This exception 
was a 39-year-old man with a mid-gastrie perforation. As already indicated,’ 
the peak incidence of massive hematemesis is likely to be in the fifth decade. 
However, should the patient in question be in the twenties or thirties, this 
fact would be strong evidence that the bleeding was not caused by an acute 
gastric uleer. 

The treatment of acute gastric uleer with hemorrhage or perforation de- 
pends upon its diagnosis. Once diagnosed, operation must follow promptly 
for, unlike chronic ulcer, its potentialities are too dangerous for procrastina- 
tion. Since acute gastric uleers of the nonperforating type cannot be de- 
monstrated by x-ray examination and often are not seen even at operation,° 
they form another strong argument for the empiric subtotal resection of the 
stomach in eases of undetermined upper gastrointestinal hemorrhage. The 
unfortunate flaw in this rule is that an occasional misdiagnosed patient with 
acute gastritis or portal hypertensive varices may be treated with an emer- 
gency operation. Nevertheless, the consideration of acute gastric ulcer as a 
possibility in a given case may lead to a more nearly correct diagnosis. 





Volume 37 ACUTE GASTRIC ULCER 541 
Number 4 


SUMMARY 

Primary acute gastric ulcer is a distinet clinical entity. It has been com- 
pletely overshadowed by the more prominent and frequently discussed chronie 
uleer. The immediate dangers of acute gastric ulcer are quite different and 
demand immediate operation. Its history is brief and obscure. The diagnosis 
is difficult and at times impossible. There are, however, definite suggestive 
leads in spite of paucity of signs and symptoms. 

A brief experience with eight such proved ulcers is given. Our impression, 
which remains to be confirmed by others, is that: 


(a) Aeute gastric ulcers in which there is massive bleeding occur in that 
extremely vascular part of the stomach, high on the lesser curvature. 
These do not perforate. 

(b) Those acute gastric ulcers which perforate may occur at any site. 
They do not bleed and resemble in all respects the prepylorie and 
duodenal perforating ulcer. 
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TROCAR DECOMPRESSION IN ACUTE SMALL BOWEL 
OBSTRUCTION 
J. PEYTON Barnes, M.D., Houston, TExAs 


N DECEMBER, 1944, we devised a detailed technical procedure for the op- 
erative management of cases of acute small bowel obstruction. We have fol- 
lowed this plan sinee, and the results obtained by us and others who adopted 
this method are presented herewith, together with a description of the teeh- 
nique and a brief outline of the principles involved. 

A total of ninety-four cases are reported. There were five deaths, a mortal- 
ity of 5.3 per cent, and there were twenty-seven resections in the series 
(Table I). 

Certain of these cases were primarily or secondarily due to some malig- 
nant process. In order to better evaluate the worth of this (or any other) pro- 
cedure we should separate, statistically at least, this group from the other 
wherein the problem of malignancy does not enter. A separate analysis is 
therefore made of the two groups. 

There were fifteen cases in which malignaney was a factor, five being 
men and ten women. There were eleven resections performed in this group, 
with two deaths, a mortality of 13.3 per cent (Table IT). 

The age-sex ratio of this group is shown in Table III. As expected, the 
greater number are in the middle-aged and elderly groups. Table IV shows the 
age-sex ratio of patients of this group who had a resection, together with the 
mortality rate. The question as to why eases of carcinoma of the cecum, for in- 
stance, are included here at all may well be asked. The answer is that the one 
thing all cases, malignant and nonmalignant, had in common was marked dis- 
tention of the small bowel due to its obstruction, whatever the etiological fac- 
tor. This obstructive status had to be corrected first, and its cause dealt with 
next. The ordinary decompressive measures, such as the intubation procedures, 
were not successful in some instances, and time for their employment was not 
available in others. 

The cause of the deaths occurring in the malignant group is given in some 
detail. There were two deaths. 

Case 1—A white woman, aged 37, was admitted Sept. 30, 1952, with a diagnosis of 
widespread peritonitis. The distention, due to peritonitis or obstruction or both, was 
tremendous. The etiological factor was found to be a perforation in a carcinoma of the 
sigmoid. After this distention was relieved by trocar, a transverse colostomy was per- 
formed. Death occurred six days later due to peritonitis, but relief of the distention at 
the operation undoubtedly prolonged her life several days. 

CasE 2.—J. T., a white man, aged 69, was admitted May 8, 1953, with obstruction due 
to adhesions. He had had an abdominoperineal resection eleven months previously for 
rectal carcinoma. The obstruction was relieved, and he was making a normal recovery 
from surgery when he had a thrombosis of the internal carotid artery eight days post 
operatively and died. 

Received for publication Aug. 23, 1954. 
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Number 


TABLE I 








Total number cases 
Total number deaths 
Per cent mortality 
Number resections 





TABLE II 








Number cases where malignancy 
was a factor 

Number deaths 

Per cent mortality 

Number resections 





TABLE III. AGE-SExX OF MALIGNANCY CASES 








TOTAL NUMBER | 15 | 1-10 | 10-20} 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 |90-100 
Male a 2 
Female 10 1 3 Z 1 
Total 15 1 5 i 1 











TABLE IV. RESECTIONS IN MALIGNANCY CASES 








TOTAL NUMBER CASES 15 

TOTAL NUMBER RESECTIONS 11 AGE DEATHS 
Male 4 48, 62, 22,58 0 
Female 7 49, 46, 60, 61, 63, 82, 91 0 








Table V gives the age-sex ratio of the nonmalignant group. There were 


seventy-nine of these cases, with three deaths and a mortality rate of 3.7 per 
cent. There were sixteen resections in this group, with only two deaths among 
those resected. This is somewhat noteworthy in itself (Table VI). 


TABLE V. AGE-SEX, NONMALIGNANT CASES 








TOTAL NUMBER 79 | 1-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 |90-100| 
Male 3 2 4 2 8 2 3 3 0 27 
Female ) 2 7 13 12 12 + 1 1 0 52 








TABLE VI. RESECTIONS, NONMALIGNANT GROUP 








TOTAL NUMBER CASES 79 

TOTAL NUMBER RESECTIONS 16 AGE DEATHS 
Male 6 5, 18, 28, 42, 60, 75 1 (42) 
Female 10 13, 24, 30, 42, 35, 56, 56, 60, 60, 68 1 (60) 








The cause of the three deaths in this group was as follows: 


Case 1.—Mrs. A. C., a white woman, aged 82, was admitted Dec. 1, 1950, with a 
strangulated femoral hernia. The obstruction was relieved and the hernia cured, but 
eleven days later she died from a typical coronary attack. We have included this case 
since she was still a hospital patient even though she had made a normal recovery from 
the surgery. 


CasE 2.—A white woman, aged 60, was admitted with gangrene of the terminal three 
feet of ileum caused by a ring band under which the loop had slipped. A resection was 
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performed following decompression, but she died within twenty-four hours from the shoe! 
and peritonitis. 

CASE 3.—A white man, aged 40, had had several admissions for acute upper abdomina! 
pain, due to widespread pancreatic lithiasis and acute pancreatitis. A gastrojejunostom, 
was finally performed after total pancreatectomy was found impossible, and several days 
later a complete obstruction of the terminal ileum developed. At the time surgery was 
performed for this, his condition was so bad on the table that an ileostomy had to be per 
formed instead of a resection. 


The location of the obstructing lesion is always of great interest. In the 
malignant group five were in the ileum. One was a primary growth in mid- 
ileum, and the other four were in the terminal ileum and represented metastatic 
involvement. Ten lesions were in the colon, three in the cecum, one in the 
hepatie flexure, two in the transverse colon, and four in the sigmoid and recto- 
sigmoid. Of the seventy-nine in the purely mechanical or nonmalignant group, 
fifty-seven or 64.5 per cent were in the terminal ileum, and fourteen or 17.7 per 
cent in the mid-ileum; and in practically all of these (84.8 per cent) the eti- 
ological factor was some form of band crossing the ileum. The breakdown is 
given in Table VII, but the outstanding fact is that by far the greater per- 
centage of all small bowel obstructions occur in the terminal ileum. Surgically 
this means that in any given case with marked distention (or where the loca- 
tion may be doubtful) the surgeon should consider that the lesion is far more 
likely to be found in the right lower quadrant than anywhere else. This is of 
great importance. 


TABLE VII. LOCATION AND TYPE OF LESION 








Adhesion or band 
Jejunum 
Mid-ileum 
Terminal ileum 


Ca cecum 

Ca hepatie flexure 

Ca transverse 
Sigmoid, rectosigmoid 


Colon 


Tleum 
Volvulus { Ascending 


Colon 


Inguinal 
Hernia <~ Femoral 
Ventral 


Transverse 


Primary 
Peritonitis ~ Appendicitis 
Diverticulitis (colon) 
Gallstone (terminal ileum) 


Coconut bolus 
Unknown 


eo] fd fred ped famed feed 





Several facts are now well established concerning acute mechanical ob- 
struction of the small bowel. The presence of strangulation makes surgical 
intervention imperative earlier than in simple obstruction, and a first consid- 
eration is the determination, if possible, of whether it is present or not. 
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After a complete obstruction has existed for a number of hours we are 
dealing with a long distended tube closed at one end, with fluid and gas rapidly 
accumulating within it. Since the lesion is usually located near the terminal 
ileum (Table VII), the length of bowel is likely to be near fifteen or twenty 
feet. As the fluid and gas continue to accumulate, the fluid will fill up the more 
distal and dependent sections, displacing the gas proximally. As this process 
goes on, the pelvic cavity, being the most dependent section, becomes filled 
with fluid-filled loops, and the abdominal eavity proper becomes filled with gas- 
filled loops. Thus we have a two-level affair; the bottom of the container, or 


pelvie cavity, is filled with fluid, and the top section, or abdominal cavity 
proper, is filled mainly with gas (Fig. 1). Since the point of obstruction is 
usually to be found in the bottom part of the container, easy access to it re- 


quires removal first of the gas, then of the fluid. 
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Fig. 1.—Schematic drawing showing pelvis filled with liquid-distended loops and abdominal 
cavity proper filled with gas-filled loops. 





Also, where a band across the bowel is the cause of obstruction, the area of 
bowel beneath the band gradually becomes much weakened and somewhat 


necrotic. A sort of paradoxical situation exists for a varying length of time: 


The pressure of the band gradually destroys the integrity of the intestinal wall, 
yet (up to a certain point) so long as it remains there it also protects this 
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weakened area against the pressure of the accumulated fluid in the immedi 
ately adjacent loop. Cutting this band as a primary step will allow all th 
weight of this fluid to be thrown against this weakened spot, and often result: 
in a sudden and disastrous rupture. This is the reason why the dammed up 
fluid must be removed before the obstructing band is severed. 

Furthermore, these patients with great distention come to the table either 
in some recognizable degree of shock or closer to it than we can sometimes 
judge. The usual and standard procedure of opening the abdomen of such a 
patient and immediately pulling out (or allowing to escape) a large number 
of distended loops may be just enough to produce a fatal degree of shock. No 
matter how gently one may thus eviscerate the patient he cannot help increas- 
ing the hazard. But if the gas and fluid, the actual distending agents, ean be 
removed without first permitting or producing evisceration, further handling 
of the collapsed loops does not cause any appreciable shock. 


It was decided therefore that the first step must be, after opening the ab- 
domen, to prevent evisceration ; next, removal of the gas, followed by removal 
of the fluid in the distal bowel segments. This would leave a collapsed bowel 
right down to the point of obstruction, with relatively no increase of any ex- 
isting shock. The final step would be relieving the cause of the obstruction and 
dealing with any sequelae thereof. 


The following technique has been employed by myself and the seventeen 
other surgeons who took part in this investigation and whose cooperation has 
made possible a series of this size. 

The surgeon stands on the patient’s left side, and a long incision is made. 
A left paramedian is quite adequate. As soon as the peritoneum is opened, 
evisceration is prevented, and the operator passes his hand in and upward be- 
neath the transverse colon to locate the first or highest jejunal loop. No search 
whatever is made for the obstructing lesion at this time, the sole problem being 
to relieve the distention without allowing evisceration. We are well aware thai 
the common practice is, as soon as the abdomen is opened, to make a prompt 
search for the obstructing band and sever it. Since this practically always 
necessitates (where distention is marked) a considerable degree of eviscera- 
tion, it is fundamentally wrong and should not be done. 

The highest available jejunal loop is brought into the incision and its prox- 
imal and distal ends identified. The loop is distended and held steady between 
the assistant’s hands, and a purse-string suture (gastrointestinal 0 chromic) is 
placed, taking three bites which pierce all layers of the bowel wall, a half-knot is 
tied, and the point of a specially designed trocar (Fig. 2) is pushed through the 
center of the purse-stringed area by the operator. The trocar plunger has a 
needle point, so its introduction needs no incision. The assistant then drops the 
loop, takes hold of the trocar barrel while the operator pulls the plunger all the 
way back and screws it into the back nut. Now the operator introduces the 
trocar down the intestinal canal to the full length of the trocar barrel, wraps 
the purse-string suture around the small projecting knob on top of the barrel, 
and holds the ends under his right index finger. Two tubes lead away from 





see ot TROCAR DECOMPRESSION IN SMALL BOWEL OBSTRUCTION 547 
the metal tubes comprising the handle. One goes to the hospital suetion ma- 
chine, and the other (the shorter one) drops on the floor near the operator’s 
foot. When he wishes to make suction at the end of the trocar, he simply steps 
on the tube, and breaks suction by lifting his foot. This allows him free use 
of both hands, and is very efficient. The operator usually holds the trocar in 
his right hand and directs the distal end farther and farther down the bowel, 
making suction as desired to produce evacuation. The assistant keeps the de- 
flated bowel threaded onto the trocar barrel. Some surgeons have found it 
easier for the assistant to hold the trocar while they themselves do the thread- 
ing and also manage the suction. These are matters of individual teamwork 
and preference, however. 
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Fig. 2.—Working length of barrel is eight inches, inside diameter one-quarter inch. 
Note how plunger when drawn completely back screws into back nut, making a rigid instru- 
ment and a tight seal. The small projection on top is to wrap the purse-string suture around 
after the trocar is fully introduced. The plunger point should be needle sharp. 


As the gas-filled loops become emptied the amount of working space in- 
creases tremendously. One is not harassed by balloonlike segments jumping 
and erawling out of the incision, and can proceed on down to aspirate the fluid- 
filled loops filling the pelvis. Usually one introduction of the trocar is suf- 
ficient, as from twelve to eighteen feet of bowel can be threaded on the barrel, 
but in a few cases we have not hesitated to reintroduce it at a lower level. No 
untoward results have been noted from this latter step. Interestingly enough, 
as the deflation proceeds the anesthetist frequently notes marked improvement 
in the patient’s condition. After all the loops are emptied as completely as 
possible, the trocar is removed and the puncture wound closed. This whole 
procedure usually requires fifteen or twenty minutes. Attention is now devoted 
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to the cause of the obstruction. With the removal of the gas and fluid, the 
inereased working space and ease of maneuverability are amazing. Whatever 
must be done can now be done easily. Reseetions can be carried out with far 
less risk than otherwise, and under comtortable, controlled conditions. Pri- 
mary anastomoses can be performed with confidence and safety, as they were in 
this series, and many a trying, hazardous, and technically difficult operation is 
converted into a rather simple and easy one. 

In those eases of carcinoma of the large bowel, with marked obstruction, 
a primary one-stage resection and anastomosis may be possible following com- 
plete deflation of the small bowel. There were two such eases in this series, 
and in each ease the trocar was introduced into the segment of terminal ileum 
to be removed. Where time is available for decompression by intubation, this 
procedure is not particularly advised, but it has proved its value. 


SUMMARY 


A total of ninety-four cases of small bowel obstruction has been presented. 
The over-all mortality was 5.3 per cent. There were twenty-seven resections in 
the group. 

Fifteen of these cases were primarily or secondarily due to some malignant 
process, and in this group the mortality was 13.3 per cent. There were eleven 
resections in this group. 

In those where malignancy played no part, there were seventy-nine cases, 
with sixteen resections, and a mortality rate of three, or 3.7 per cent. 

A method of dealing with cases of bowel obstruction surgically has been 
given in detail, with a presentation of the principles involved therein. We are 
convinced that observation of these principles will result in a lowering of the 
mortality rate, as it did in this series. The trocar described is merely a useful 
instrument for the carrying out of these principles; other instruments can and 
will be devised to do the same job. At the present time, however, it is the most 
efficient one with which we are acquainted. It is not aseptic, but only reason- 
ably so. Its use is simple, as shown by the fact that several of those who used 
it had never seen it used before. We also believe that the rather large number 
of different surgeons involved in this investigation indicates that the method 
described is not complicated. The results speak for themselves. 


I am grateful to the following s'trgeons who cooperated in this study: Drs. Granville 
Adams, B. V. Williams, Jack Bevil, F. W. Braastad, G. N. Cunningham, Joseph R. Gandy, 
George D. Broyles, Jr., John H. Wootters, Burt B. Smith, Hampton C. Robinson, Donald D. 
Butler, Eugene A. Ellingson, Ralph C. Patrick, of Houston, Texas, and Albert W. Hartman 
and Robert Nixon of San Antonio, Texas, Jake Shapira of Midland, Texas, and G. V. Brindley, 


Jr., of Temple, Texas. 
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INTRODUCTION 


ANY operations have been devised to re-establish continuity of the gastro- 

intestinal tract after resection of the esophagus. The primary concern of 
the surgeon is, of course, to eradicate a malignancy. The great discomfort and 
malnutrition which result when a patient is unable to swallow or to digest food 
properly are well known. Faced with any obstructing lesion, the surgeon is 
morally obligated to restore the function of swallowing and of digestion to as 
near a normal physiologic state as possible. 

It is hoped that the operation presented herein will eliminate some of the 
difficulties encountered in many of the procedures performed for replacing 
the obstructed or resected esophagus. In this procedure, no organ or prosthesis 
made of foreign material is placed between the proximal esophagus and the 
stomach. In addition, the storage function of the stomach is not lost as it is 
when small intestine is used to by-pass this organ. There is no compression 
of mediastinal structures or of the lungs, which may oceur when the stomach 
is brought into the chest. It is not necessary to incise or paralyze the diaphragm, 
and the vagus nerves may be preserved. It is hoped that the anastomosis be- 
tween the nonacid-secreting antrum and the esophagus will prevent peptic 
esophagitis. 

In the proposed operation, the new ‘‘esophagus’’ is a tube which lies in 
the esophageal bed and oceupies no more space than the esophagus which was 
resected. If the esophagus is not resected, the tube lies adjacent to the esopha- 
gus and occupies little space within the chest. Food passes directly from the 
proximal esophagus into the stomach. In addition, a large residual functioning 
portion of the stomach is left in its anatomic position within the abdomen. 

























HISTORY 


In 1905, Beck and Carrell' demonstrated specimens illustrating a method 
of formation of a prethoracic esophagus by utilizing a tube created from the 
greater curvature of the stomach. This tube was left attached to the cardia, 
and the gastroepiploic vessels were preserved as its blood supply. In 1912, the 
Romanian surgeon, Jianu,? described the same procedure independently. 
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Sweet,® in 1941, deseribed studies carried out from 1936 to 1939 in whieh 
the Beck-Jianu tube was successfully used in man as a prethoracie gastrostomy. 
Sweet delivered the tube into the subcutaneous tissues from beneath the costal 
margin. 

Carter and associates,‘ in 1941, utilized the Beck-Jianu tube experimentally 
as an antethoracic gastrostomy, bringing it to the skin surface through the chest 
in a two-stage procedure. A splenectomy was performed to increase the length 
of the vascular pedicle which accompanied the tube. The authors also utilized 
a Rutkowski gastric tube as an antethoracie gastrostomy. 

In 1943, Kay® described a two-stage experimental procedure in which an 
intrathoracic anastomosis between a Beck-Jianu gastric tube (with splenectomy ) 
and the proximal esophagus was used for the first time. In the first stage, the 
gastric tube was placed in a pneumothorax space through an incision in the 
diaphragm and left in the chest. Two weeks later, a segment of the esophagus 
was excised and the distal end of the esophagus was closed. The gastric tube 
was then anastomosed to the proximal esophagus within the chest. However, 
in 1950, Kay® stated that ‘‘as the various advances in esophageal surgery de- 
veloped it was found that high anastomoses could be accomplished without the 
use of reversed gastric tubes.’’ 

In 1947, Poppe’ reported the use of an antethoracic gastrostomy of the 
tutkowski type. Mes,® in 1948, formed an isoperistaltic gastric tube by resect- 
ing the lesser curvature portion of the stomach. The tube was used to form 
a subeutaneous antethoracic esophagus similar to the method of Kirsehner.° 
Boerema,’® in 1951, used an isoperistaltic gastric tube similar to that of Mes, 
which he successfully anastomosed to the esophagus intrathoraciecally. 


OPERATIVE PROCEDURE 


Any thoracoabdominal or separate abdominal and thoracie incision which 
gives adequate exposure for esophagogastrie surgery is satisfactory. 


The gastrocolic omentum is divided leaving the intact gastroepiploic vessels 
attached to the greater curvature of the stomach. The splenic artery and 
vein are ligated and divided distal to the origin of the left gastroepiploie artery. 
The short gastrie vessels are ligated, and the spleen is removed. 


A site is selected on the greater curvature of the stomach in the antrum 
which will allow for the formation of a tube of desired length (Fig. 1, A). The 
tube must be long enough to extend higher than the level of the esophageal lesion 
to be resected or by-passed. At this site the gastroepiploic vessels are ligated 
and divided. 

Two Kocher clamps are placed perpendicular to the greater curvature at 
the same site (Fig. 1, A). An incision is made between the clamps through the 
anterior and posterior walls of the stomach. The length of this incision equals 
the diameter of the esophagus. A rubber-covered hemostatic clamp is applied 
2 em. from and parallel to the greater curvature at right angles to this incision. 
A second hemostatic clamp is placed parallel to the first on the lesser curvature 
side of the proposed incision. The incision is then extended to the left between 
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the rubber-covered clamps parallel to the greater curvature (Fig. 1, broken 
line extending from A.) At all times the distance of this long arm of the 
incision from the greater curvature is approximately equal to the diameter of 
the esophagus. The incision is continued into the cardia to within 3 em. of the 
esophagogastric junction. 

A length of greater curvature of the stomach necessary for the creation of 
the gastric tube is now available. The left gastroepiploic vessels have been 
preserved to serve as its blood supply. 





Fig. 1.—Broken lines indicate incisions. Sites of ligation of the splenic and gastroepiploic 
vessels are indicated by a break in their continuity. 


Symbols: A, End of gastric tube which will be anastomosed to the proximal esophagus 
(A’). B, Level of esophageal hiatus. C, Esophagocardiac junction. D, Gastroepiploic vessels. 

The tube can then be completed. The anterior and posterior walls of the 
stomach are approximated for the entire length of the long arm of the incision. 
The first 2 em. adjacent to the open end of the tube are approximated with 
four interrupted mattress sutures so that the tube may be trimmed or shortened 
after it is brought into the chest. The remaining length of the incision is ap- 
proximated with a continuous suture. The continuous and interrupted sutures 
are both made in two layers. The first layer is an inverting through-and-through 
suture of intestinal catgut, the second is a serosal suture of intestinal silk. 

The chest is now entered through either a separate incision or a thoraco- 
abdominal incision. The distal esophagus is resected and the cardiac opening 
of the esophagocardiae junction is closed. The tube, with its vascular pedicle, 
is brought into the chest through the esophageal hiatus. 

The open end of the tube is anastomosed to the proximal end of the esopha- 
gus using a two-layer anastomosis. The first layer consists of a continuous 
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suture of intestinal silk, which includes the full thickness of the tube and 
esophagus. The second layer consists of a serosal suture of interrupted silk 
mattress sutures. The tube lies comfortably in the bed of the resected esophagus. 
A few interrupted sutures placed between the diaphragm and gastric tube at 
the esophageal hiatus prevent herniation of abdominal contents into the chest. 
The chest and abdomen are closed in the usual manner. 


RESULTS 

Eight adult mongrel dogs were used. 

Preoperative Preparation—The dogs were given nothing by mouth for 
twenty-four hours before operation. Penicillin, 600,000 units, was given daily 
for two days. Dog No. 8 received 1.0 Gm. streptomycin in addition to the 
penicillin. The abdomen and chest were shaved. 














Ww 
wi 
COT ae 


Fig. 2.—Completed operation. 


Anesthesia consisted of intravenous Pentothal supplemented intraperito- 
neally when necessary. An intratracheal tube with an inflated cuff was inserted. 
When the chest was entered, positive pressure oxygen was administered inter- 
mittently through this tube. The dogs were placed in the supine position with 
slight rotation to the right. 


Dog No. 1 (Operation Dee. 7, 1953).—This operation was performed through 
separate abdominal and chest incisions. Ten centimeters of esophagus was re- 
sected and the gastric tube brought through the esophageal hiatus. The dog 
survived three weeks on gradually increasing amounts of food. It was eating 
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adequate amounts of soft solids by the end of the second week. On Dee. 26, 
1953, it was noted to have a white froth around the mouth. On Dee. 28, 1953, 
it was found dead in its eage. 

Post-mortem examination revealed that all suture lines were well healed. 
Digested food was present in the small intestine. The gastric tube and its anas- 
tomosis to the esophagus were patent. The vascular pedicle was intact. No 
cause of death was evident. 

Dog No. 2 (Operation Jan. 11, 1954).—The possibility of the gastric tube 
surviving nourished only by its intrinsic blood supply was considered. The 
operation was performed with ligation of the left gastroepiploic vessels and no 
splenectomy. 


Fig. 3.—(Compare with Fig. 1.) Specimen with esophagus and gastric tube replaced to 
demonstrate relationship that exists before excising the esophagus and before bringing the 
tube into the chest. The omentum attached to the tube contains the gastroepiploic vessels. 
This tube is a very short one. 

The animal gradually deteriorated and died on Jan. 14, 1954, three days 
postoperatively. On post-mortem examination, the left chest was found to be 
filled with gastric juice. The gastric tube was black and necrotic for 2 em. 
from the anastomosis. 

Dog No. 3 (Operation Jan. 18, 1954).—The esophagus was divided and not 
resected. Its lower end was closed. The gastrie tube was brought into the left 
chest through an incision in the diaphragm lateral to the esophagus. The stom- 
ach was not sutured to the edges of the diaphragmatic opening. 
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For two days the animal vomited gastric juice. It appeared well on the 
third day. On the fourth day postoperatively, small amounts of fluids were 
taken. Approximately 200 ¢.c. was swallowed without difficulty, but vomiting 
occurred in thirty minutes. On the fifth day it was found dead. 


Fig. 4A.—(Compare with Fig. 2.) Specimen with esophagus resected and the gastric tube 
anastomosed to the proximal esophagus. 

Post-mortem examination revealed that the stomach had herniated into the 
chest and had become obstructed at the distal end due to rotation. The suture 
lines were all well healed and the tube was patent. There was no leakage at 
the esophagogastriec anastomosis. 

Dog No. 4 (Operation Jan. 25, 1954).—The dog died on the operating table 
during the procedure. 

Dog No. 5 (Operation Feb. 1, 1954).—This operation was performed 
through a thoracoabdominal incision with incision through the diaphragm from 
the costal margin to the esophageal hiatus. 





ies GASTRIC TUBE TO REPLACE OR BY-PASS ESOPHAGUS 55 
The dog did well for two days, taking fluids on the second day. On the 
third day it had a convulsion and died. At post-mortem examination, the cause 
of death was not found. The mucosa was healing well at all suture lines. 
Dog No. 6 (Operation Feb. 11, 1954).—A separate abdominal and chest 
incision was used. <A short incision was made in the diaphragm radiating from 
the esophageal hiatus. The procedure was otherwise not unusual. 


Fig. 4B.—Specimen rotated to demonstrate the suture lines. 


This animal ate well and progressed satisfactorily for one week. At that 
time the abdominal and chest wounds were found to be infected, and a wide 
open sucking wound of the chest was present. Intravenous Nembutal was given 
in preparation for cleaning and repairing the chest, and the animal expired 
thirty seconds thereafter. 

Autopsy revealed all suture lines were well healed. The tube was patent 
and the vaseular pedicle intact. Death was due to the presence of the open 
chest and the wound infection, and was precipitated by the anesthesia. 


Dog No.7 (Operation Feb. 25, 1954).—The lung was injured at operation, 
and this animal expired due to the tension pneumothorax. 
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Dog. No. 8 (Operation March 4, 1954).—The procedure, as deseribed in th 
text, was performed through separate abdominal and chest incisions. Approxi 
mately 15 em. of esophagus was excised. The gastric tube was brought throug) 


A B. 
Fig. 5.—A, Gastrointestinal series done in Dog No. 8. The esophagovzastric anatomosis 


and upper portion of the gastric tube are visualized. B, The gastric tube is seen as it enters 
the residual stomach. 


A. B 


Fig. 6.—Two views of the gastric tube which demonstrate its entrance into the residual stomach. 
(Gastrointestinal series performed by Dr. Adolph Abraham. ) 
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the esophageal hiatus without incising the diaphragm. The excess gastric mucosa 
was excised from the side and end of the gastrie tube, a procedure which had not 
been used in previous animals. 

On the second postoperative day, the dog took 800 ¢.c. of milk by mouth 
in small feedings. When given 200 ¢.c. at one feeding, it vomited 50 cc. At 
the end of one week, small amounts of meat plus 1,000 e.c. of milk and 1,000 c.e. 
of broth were well tolerated. The amount of solids given was gradually in- 
creased. Two weeks after operation, the animal ate one pound of horse meat 
in two portions each day plus 2,000 ¢.c. of milk. It gained weight and did not 
vomit since the second day after operation. 

Two months after operation, on March 11, 1954, the animal was obviously 
healthy and eating as a normal dog. It was therefore sacrificed. The esophag- 
eal and gastric mucosal linings appeared healthy in all respects. No evidence 
of mucosal inflammation or erosion was present. Complete healing was present 
at the anastomosis site. 

On March 25, 1954, three weeks after operation, a gastrointestinal series 
was performed. These roentgenograms demonstrate the position of the gastric 
tube in the chest and the residual stomach in the abdomen (Figs. 5 and 6). On 
fluoroscopy, the barium was seen to be propelled from the esophagus into the 
gastric tube, from which it passed into the residual stomach. There was appar- 
ently no peristalsis in either direction in the tube. When the dog was placed 
in the Trendelenburg position, the barium flowed slowly from the stomach into 
the tube and then into the esophagus. When the barium reached the esophagus, 
it was propelled rapidly back into the stomach, although the animal remained 
in the Trendelenburg position. 


COMMENTS 


The major difficulties encountered were chiefly the result of performing 
a major operation on dogs. The benefits of careful anesthesia, transfusions, 
and good postoperative care, which would be given to a patient, were not avail- 
able to these animals. It is important to note that in all animals in which the 
gastroepiploic vessels were preserved, healing was prompt and there was no 
evidence of leakage from the tube or from the esophagogastrie anastomosis. 
The procedure was altered in each dog until the final successful operation was 
devised. Details and variations of the operation are summarized as follows: 

Incisions.—A midline abdominal incision was used in all dogs. In some 
animals, a separate chest incision was made, and in others a thoracoabdominal 
incision was used. When the esophagogastric anastomosis was made high in the 
chest, it was advantageous to use a separate chest incision in a high intercostal 
space to obtain good exposure. 

The diaphragm was incised partially or completely in several animals. It is 
not necessary to incise the diaphragm, as the tube lies comfortably in the 
esophageal bed when it is brought into the chest through the esophageal hiatus. 

If an inextirpable lesion were encountered, it would be possible to make 
a small incision in the diaphragm to the left of the esophagus and bring the 
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gastric tube through it. The tube could then be anastomosed to the esophagus 
above the obstruction and the distal end of the esophagus closed and left in situ. 

It is absolutely necessary to suture the tube to the diaphragm. This was 
illustrated by Dog No. 3 in which the stomach herniated into the chest and re- 
sulted in intestinal obstruction. 

Creation of the Gastric Tube.—The gastric tubes were generally made longer 
than necessary when the operation was first performed. It was, therefore, 
found advisable to use three or four interrupted sutures in closing the side 
of the tube adjacent to the open end. This enables the operator to shorten the 
tube after it has been brought into the chest. It is advantageous for the diameter 
of the tube to be uniform and approximately equal to the diameter of the esoph- 
agus. 

If excess gastric mucosa is trimmed, approximation of the walls of the stom- 
ach and the anastomosis of the tube to the esophagus are more easily accom- 
plished. 

The result in Dog No. 2 indicates that the gastric tube-esophageal anastomo- 
sis will neerose if the left gastroepiploic vessels are not preserved. 

The gastric tube can be brought into either the left or the right chest 
with equal facility. In either ease, it will lie within the mediastinum without 
causing obstruction to mediastinal structures or to the lung. In the human 
being, it would probably be possible to cover the tube completely by suturing 
the divided mediastinal pleura over it. 


The tube will easily extend to the apex of the chest cavity. It is felt that 
by division of the left gastric artery, and by freeing the splenic vessels from 
the stomach bed, a tube could be made to reach into the neck. If a very high 
anastomosis is desired, a portion of the residual stomach could be brought into 
the chest. 


INDICATIONS 


The obvious clinical indication for the use of this operative procedure would 
be an obstructing lesion of the esophagus of a malignant or benign nature. As 
stated previously, the esophagus can be either resected or by-passed. 

It is felt that this procedure may also be of use in achalasia, in short esopha- 
gus with herniation of the stomach into the chest, and in peptie esophagitis. 
Ellis and Hood" have demonstrated experimentally that an anastomosis of the 
gastric antrum to the esophagus after resection of the acid-seecreting portion of 
the stomach prevents significant esophagitis. It is hoped that an anastomosis 
between the nonacid-secreting antrum of a gastric tube and the esophagus will 
also prevent the development of esophagitis. Further studies will be directed 
toward this problem. In addition, it is felt that when the esophagus is anas- 
tomosed to a gastric tube, esophagitis would not be as likely to develop as in 
the usual esophagogastrie anastomosis, in view of the fact that the esophagus 
would not be constantly bathed in regurgitated gastrie juice. 


SUMMARY 


A one-stage operation for replacing or by-passing the esophagus has been 
successfully performed experimentally. This procedure utilized a tube which 
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Number 4 


is created from the greater curvature of the stomach, retaining its attachment 
to the cardia. The left gastroepiploie vessels are preserved and utilized to main- 
tain the vascularity of the tube. 

The clinical implications of this operation are: (1) esophagogastrie con- 
tinuity is restored without the intervention of intestine or a plastic material; 
(2) the residual stomach retains its storage function; (3) the mediastinal struc- 
tures and lungs are not compressed; (4) it is not necessary to incise or paralyze 
the diaphragm; (5) the vagus nerves may be preserved; (6) it is hoped that the 
anastomosis of the nonacid-secreting portion of the antrum to the esophagus 
will prevent the development of esophagitis. 
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RESULTS OF SURGICAL TREATMENT OF PRIMARY CARCINOMA 
OF THE LUNG 


JosEPH E. Macmanus, M.D., JoHn R. Patne, M.D., RoLAND ANTHONE, M.D., 
AND ARTHUR A. ANDERSON, M.D., Burra.o, N. Y. 


(From the Departments of Surgery of the Roswell Park Memorial Institute 
and the Buffalo General Hospital) 


Pye patois many comparable communications on the surgical treatment 
of carcinoma of the lung continue to appear in the surgical literature 
both at home and abroad, it was our feeling that the publication of material 
on this subject, collected from two adjacent thoracic surgical services in the 
same community, would serve to outline local attitudes and results in the man- 
agement of this often distressing disease. 

This report contains a review of the fate of 199 patients with cytologically 
established cancer of the lung who, during the period between January, 1947, 
and December, 1953, were subjected to thoracotomy for their primary disease. 
One hundred three of these operations were performed at the Buffalo General 
Hospital, while ninety-six were carried out by the members of the surgical 
staff of the Roswell Park Institute for Malignant Disease. 

Previous to January, 1947, the treatment of primary carcinoma of the lung 
at the Roswell Park Memorial Institute was largely radiologic. At that time 
the thoracic surgical service was organized by one of us (J. E. M.). While this 
service has been largely governed by a more or less uniform philosophy of 
management of this type of patient, the operative procedures have, of course, 
been carried out by more than one man. On the other hand, the Buffalo Gen- 
eral Hospital series comprises material taken from both private and ward 
services with perhaps a less rigid approach to the selection of the operation 
suitable for the individual case. Despite this lack of complete uniformity, the 
results in the two series appear strikingly comparable. 

This paper concerns itself largely with the report on the results of one 
mode of treatment. For a discussion of the clinical features of the disease, 
many excellent articles are readily available.*\7 The cases selected include 
only histologically established primary cancer of the lung obtained by the 
study of either biopsy material or the surgical specimens themselves. No 
effort has been made to classify the pathology into cell type, although, of 
course, adenomas and cylindromas have been excluded along with metastatic 
sarcinomatous lesions. 

The age and sex distributions of the patients in the two groups have been 
outlined in Tables I and II and are self-explanatory. One notes readily the 
close agreement in the incidence of the disease in the various age groups, as 
well as the similarity in sex incidence. This pattern repeats itself throughout 
the available literature on the subject and is now familiar to all. 


Received for publication Sept. 13, 1954. 
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TABLE I. AGE DISTRIBUTION—199 CASES OF CANCER OF THE LUNG 








BUFFALO GENERAL HOSPITAL ROSWELL PARK MEMORIAL INSTITUTE 
DECADE | NO. OF PATIENTS | % DECADE | NO. OF PATIENTS | % 
30-39 5 5 30-39 1 1 
40-49 17 16 40-49 21 22 
50-59 33 32 50-59 32 33 
60-69 41 40 60-69 40 42 
70-79 7 7 70-79 2 2 
Total 103 Total 96 

















TABLE II. SEx INCIDENCE—199 CASES OF CANCER OF THE LUNG 








BUFFALO GENERAL HOSPITAL | ROSWELL PARK MEMORIAL INSTITUTE 
| NO.OF CASES | % | NO.OF CASES | % 


Male 93 90 Male 86 89.6 
Female 10 10 Female 10 10.4 











Patients at the Roswell Park Memorial Institute are uniformly broncho- 
scoped as an integral part of their preoperative study, even in the presence of 
solitary peripheral lesions. This is done not only to detect nonsymptomatic 
earinal pathology but also to facilitate the collection of material for cellular 
study. Despite this method, in only 33 per cent of the patients in this institu- 
tion was a positive biopsy obtained by this method. However, at the Buffalo 
General Hospital, where only 80 per cent of the patients were bronchoscoped, 
the biopsy was positive for malignant disease in 39 per cent. 

A review of Table III indicates that the discovery of neoplastic cells in the 
bronchial secretions of the patient provided a positive cytologic diagnosis in a 
further 9 per cent of the Buffalo General Hospital series and in an additional 
19 per cent of those resected at the Roswell Park Institute for Malignant 
Disease. These figures will, of course, vary from one service to another de- 
pending on many factors. Not the least important among these are the number 
of examinations attempted and the enthusiasm, experience, and care with which 
the medical attendants approach the study. When the surgeon, pathologist, 
and bronehoseopist are united in their awareness of the value of establishing 
the certainty of the diagnosis preoperatively, excellent results can be obtained. 
Figures as high as 89.7 per cent positive cytologic diagnoses prior to surgery 
have been reported.* Recently at both our institutions more attention has been 
directed toward a vigorous study of the sputa of patients suspected of this 
disease in a serious effort to establish a positive diagnosis preoperatively. 
Farber® and Ackerman® have been particularly articulate in supporting this 
method. 


TABLE III. PREOPERATIVE DIAGNOSIS IN 199 PATIENTS OPERATED UPON 








BUFFALO GENERAL ROSWELL PARK 
HOSPITAL INSTITUTE 
Clinical symptoms and x-ray examination alone 52% 48% 
sronchoscopy biopsy 89% 33% 
Neoplastie cells—no biopsy 9% 19% 
(sputum and bronchial washings) 
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There is general agreement that the lack of a positive cytologic diagnos 
of carcinoma should not, however, delay exploratory thoracotomy when tlic 
clinical features suggest the presence of malignant disease. Approximately 
one-half the patients included in this study come to the operating table wit)- 
out a positive histologic diagnosis. This is admittedly a low figure and is, of 
course, at least partially the result of the low percentages of positive diag- 
noses obtained through direct biopsy. On the other hand, with a more wide- 
spread use of routine roentgenologic examinations of the chest, large numbers 
of asymptomatic peripheral lesions are being seen at a stage where cytologic 
proof is less likely to be forthcoming. Overholt’? reported fifty-four cases of 
bronchogenic carcinoma detected before the onset of symptoms in which only 
39 per cent of the cases were diagnosed ecytologically before exploration. 

The method of aspiration biopsy has not been attempted in this group of 
eases. It has not been considered to have sufficient desirable features to dis- 
place other more accurate methods and has been reserved for far-advaneed 
lesions where cytologic proof was lacking and it was clear that no operative 
procedure was feasible. 

INDICATIONS FOR OPERABILITY 


The surgeon’s objective in the treatment of this disease is to cure the pa- 
tient. But failing in this he sheuld not neglect his responsibility to use ef- 
feetively those measures which will palliate the morbid effects of this disease. 
The latter oftentimes requires more attention to detail in judgment than the 
former. One must make a careful evaluation of the course of this disease, the 
biology of the tumor, the extent and direction of invasions, and the complica- 
tions likely to arise in the particular ease in hand, and balance these factors 
with a delicate appreciation, based on experience and not alone on statisties, 
of the probable course and suffering of the patient with and without the various 
surgical modalities. Resecting ‘‘most of the tumor’’ oftentimes leaves the pa- 
tient organically unimproved with both a possible bronchial fistula and an 
open thoracotomy to add to his discomforts, not to speak of the economic 
s-atastrophe attending prolonged hospitalization. On the other hand, a patient 
with a septic pneumonitis distal to the tumor may be greatly benefited by a 
successful resection even in the presence of metastasis. 


ce 


However, despite these inherent difficulties, certain general rules should 
govern the thinking on the problem. The presence of metastases outside the 
thorax compels one to present very strong reasons based on both clear and 
reasonable assurance of positive palliation before advising surgical treatment. 
That is seldom present. Extensive involvement of the trachea, especially by 
a skip-lesion, or the presence of malignant cells in the pleural fluid in our hands 
has militated against successful palliative surgery. The involvement of the 
recurrent nerve unilaterally and more especially on the left has not been ac- 
cepted as an absolute contraindication to surgery’ although, of course, the 


service is not happy about noting this feature and, in the hands of the men 
responsible for these patients, the resectability rate has been disappointingly 
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low. There have been no three-year survivals. While a paralysis of the 
phrenic nerve indicates involvement of the mediastinum, alone without other 
distressing features it should not be regarded too ominously, especially when 
the primary lesion arises from segments lying in the vicinity of this nerve. 

Barring a completely inadequate pulmonary reserve or the presence of 
extra thoracic metastasis, the effort has usually been made to explore the pa- 
tient and at the operating table, with thoracic organs exposed, decide the pro- 
cedure best suited to the patient’s individual problem. Less than total re- 
moval of the lung and regional lymph nodes was then performed only when: 
(1) there was unmistakable evidence of a severely diminished pulmonary or 
cardiac reserve, or (2) when the nature of the lesion was doubtful and an 
attempt at positive intrathoracic biopsy at the operating table was unsuccess- 
ful. Under these circumstances the operation of lobectomy or bilobectomy was 
often selected as the wisest course. 


PULMONARY FUNCTION TESTS 


The use of the measurement of the patients’ maximum breathing capacity 
per minute as a means of estimating the pulmonary air flow and ventilation, 
although not comprehensive, is useful in many ways. The several readings and 
the type of graph, when plotted against expected values, and when done on 
routine cases over a long period of time, will gradually forge another valuable 
clinical tool for estimating the operative risk in patients. This determination 
should not, of course, be allowed singly to carry too much weight but rather 
should be balanced judiciously with other factors in the case. It must con- 
stantly be kept in mind that one is measuring only one feature of air flow and 
not, except negatively, oxygen absorption powers or distribution components. 
Despite these obvious deficiencies, the maximum breathing capacity remains in 
our hands a useful guide and a source of continued study. Without doubt the 
clinical evaluation of the patient, including his response to exercise in his 
daily work, and the detection of the presence of severe degrees of interference 
with eardiae function and advanced stages of pulmonary emphysema and fibro- 
sis naturally remain of primary importance in evaluating pulmonary reserve. 

Table IV presents the collected data concerning resection rates. Ninety- 
six patients were explored at the Roswell Park Memorial Institute and either 
a pneumonectomy, bilobectomy, or lobectomy was performed in fifty-four 
patients (resectability rate 56 per cent). Thoracotomy was performed on 103 
patients at the Buffalo General Hospital, and in fifty-two patients (50 per cent 
resectability rate) a resection of some type was performed (Table IV). Re- 
cent reviews’ * * 7 have shown a resectability index ranging from 54 per cent 
to 64.8 per cent. This percentage should increase with the detection of early 
lesions, and also possibly with the use of more radical techniques. Recently 
at the Roswell Park Memorial Institute, following the suggestions of Cahan 
and associates? and Higginson, a series of radical pneumonectomies has been 
started. The series at present is small and no results are available. While we 
have had no mortality as yet, the morbidity has been substantial. This type of 





564 MACMANUS, PAINE, ANTHONE, AND ANDERSON hort’, ty 
operation in our hands seems more dangerous than routine pneumonectoniy 
and hilar dissection. The mediastinum is a great deal more unstable, and tiie 
danger of infection seems augmented and the general postoperative course 
more disturbed. This series is being conducted at present as a study, but un- 
less the results show definite advantages in cure rates, our present experience 
would lead us to reserve the operation for a few selected cases. 


TABLE IV. RESECTION RATE 





| BUFFALOGENERAL | ROSWELL PARK 
HOSPITAL 
Number of patients explored 103 
Number of patients resected 52 
Resectability index 50% 











In Table V, the surgical mortality is outlined according to the type of 
surgery performed. There was one postoperative death at each institution 
following simple exploratory thoracotomy. Forty-seven pneumonectomies 
were performed at the Roswell Park Memorial Institute with six deaths. In 
view of the statement by Churchill, Sweet, Soutter, and Scannell that in their 
series survival rates were not markedly different in the pneumonectomy group 
from those observed in their lobectomy series, more interest has turned to 
selecting lobectomy as the operation of choice when it removes the primary 
tumor and when the question of sufficient cardiopulmonary reserve or deteri- 
oration of the patient remains a prominent factor. The lobectomies reported 
here are by and large of that nature. Four of the operative deaths at the 
Roswell Park Memorial Institute occurred during the first three years of this 
study. In the last three years, thirty-one resections have been performed at 
that institution with two postoperative deaths (mortality rate—6.4 per cent). 
The operative deaths at the Buffalo General Hospital have been fairly evenly 
distributed between both periods. During the last year, 1953, there were no 
postoperative fatalities. 


TABLE V. SwuRGICAL MORTALITY 








OPERATION | HOSPITAL |NO. OF CASES| DEATHS 
Exploratory thoracotomy Roswell Park 
(only) Buffalo General 
Pneumonectomy Roswell Park 
Buffalo General 
Lobectomy Roswell Park 
Buffalo General 
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Others® * have previously pointed out that a patient surviving three years 
after resection for pulmonary cancer is very likely to remain a successful re- 
sult. In ealeulating our survival rates, we have used those patients operated 
upon in the period 1947-1950. The eases of resection during the last three 
years have also been added, not necessarily to indicate survivals, but to reveal 
our total experience during the past six years. 

At the Buffalo General Hospital, twenty-two patients survived resection 
during the three-year period 1947-1950. Of these, five patients are alive; a sur- 
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vival rate of 23 per cent of successfully resected cases. During the same 
period, nineteen patients left the Roswell Park Memorial Institute after resec- 
tion and four are still alive, a survival rate of 21 per cent. In Table VI, the 
survivors as of Jan. 1, 1954, for the years 1951, 1952, and 1955 are listed. 


TABLE VI. SuRvIVALS As OF Dec. 31, 1953 








NO. OF RESECTED 
PATIENTS LEAVING NO. OF PATIENTS 
YEARS HOSPITAL ALIVE ALIVE TODAY PERCENTAGE 


Buffalo General Hospital 


1947-1950 22 
1951 9 
1952 8 
1953 6 

Roswell Park Memorial Instit 


1947-1950 19 
1951 8 
1952 12 
1953 9 








23 
44 
63 
83 
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33 
89 
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Other reports’ * » 7 11 of survival rates of from three to five years in 
resected cases of bronchogenic carcinoma range from 19 per cent to 27 per 
cent. 

An increase in the rate of salvage with surgical treatment of carcinoma 
of the lung ean be indirectly effected through the use of routine roentgenologic 
surveys in the adult population. With the detection of the disease in its early 
asymptomatic stage, better resection rates should appear. 

One notes, however, that the resection rate in our series has not increased, 
implying that there has been little improvement along these lines. Radia- 
tion therapy has been used rather extensively in the Roswell Park Memorial 
Institute clinic in the treatment of this disease after surgical rejection. It is 
not within the province of this paper to discuss the results of experiences in 
this field. However, it would be in order to discuss the use of radiation 
therapy in the inoperable cases as practiced in theory by these institutions. 

With the advent of the development of newer x-ray equipment and tech- 
niques, such as the two million-volt machine and rotational maneuvers, the 
use and extension of radiation therapy to inoperable cases in the palliation 
of primary carcinoma of the lung will have to be re-evaluated. This type of 
therapy may at least partially destroy the tumor, and the subsequent release 
of the obstruction and aeration of the lung serve to palliate the patient tempo- 
rarily. Radiologic treatment is advised in cases unsuitable for surgical 
therapy when: (1) there is atelectasis of an entire lung produced by obstruc- 
tion of a central tumor and the patient is still in relatively good general con- 
dition; (2) there is a superior vena caval syndrome present, the obvious result 
of compression by neoplastic tumor; (3) there is a superior sulcus lesion pres- 
ent with pain; (4) there are localized metastatic lesions to bone where pain is 
a marked symptom; (5) when the cytology indicates the presence of a highly 
anaplastic tumor. Nitrogen mustard therapy has not been used by our surgical 
Services in the treatment of bronchogeni¢c carcinoma. 
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SUMMARY 


1. One hundred ninety-nine exploratory thoracotomies for cytologieally 
established carcinoma of the lung were performed at the Buffalo General Hos- 
pital and the Roswell Park Memorial Institute from January, 1947, to De- 
cember, 1953. 

2. The preoperative diagnosis was frequently made on x-ray evidence and 
clinical symptoms alone. Only 48 to 52 per cent had positive histologie or 
cytologic preoperative diagnoses. 

3. The resectability rate for the combined series was 53 per cent. 

4. The over-all operative mortality for exploratory thoracotomy without 
resection was 2.2 per cent. For the operation of pneumonectomy the combined 
operative mortality was 14 per cent, whereas no operative deaths occurred 
following lobectomies. 

5. The three-year survival rate for those patients leaving the hospital 
alive between 1947 and 1950 following extirpation of their carcinoma was 
22 per cent. 

6. There was a remarkable similarity in the statistics obtained from the 
Buffalo General Hospital and the Roswell Park Memorial Institute. Both in- 
stitutions serve the western part of New York State. 

7. In the past few years, neither institution has noted any increase in the 
resectability rate. Delay in early diagnosis remains a grave obstacle to clinical 
progress. 

8. Whether or not radical resection will increase eventual survival times 
eannot be ealeulated at present. In our hands it increases the morbidity of 
the operation of pneumonectomy. 
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INTRODUCTION 


UMBAR sympathectomy has frequently been recommended in the treatment 

of progressive arterial occlusive disease involving the lower extremities in 
man. It has recently been recommended even in cases of severe peripheral 
arterial insufficiency due to advanced arteriosclerosis obliterans.** There is 
rather convincing experimental evidence that sympathectomy can increase nu- 
tritive blood flow, as well as arteriovenous shunt flow, in the acral parts (feet) 
in eases of mild or moderate arterial insufficiency.*® This increase in blood 
flow is probably sufficient to provide a net increase in tissue nutrition, in spite 
of the concomitant increase in tissue needs related to the resulting increase in 
skin temperature.” ® If, however, the arterial insufficiency is sufficiently severe, 
that is, if the main artery and its collateral vessels are markedly insufficient in 
their ability to maintain blood flow to the acral parts, an increase in caliber of 
the nutritive vessels and the arteriovenous shunts above that usually existing 
might not result in an increase in blood flow.® 

Indeed, in order to prolong the life of a limb in a patient with arterio- 
sclerosis obliterans, sympathectomy would have to result in a dilatation of the 
collateral arterial vessels or the main arterial vessel. This could be a primary 
effeet or it could be secondary to the increased acral flow that results in patients 
with early or moderately advanced arterial insufficiency. If such were not the 
ease, the known dilatation of the acral vessels produced by sympathectomy would 
be of no avail when needed most, that is, when the disease had progressed to 
the point of severe arterial insufficiency, even if the sympathectomy were per- 
formed at the state when only mild or moderate arterial insufficiency existed. 

There is a lack of conclusive evidence in man or experimental animals that 
lumbar sympathectomy, at least as presently performed, has any control over 
the ealiber of the collateral vessels.121> In recent work,?® we could not confirm 
the purported increase in collateral circulation found by Mulvihill and Harvey” 
and Theis'* in dogs subjected to acute peripheral arterial ligation. In the 
present work we have studied the chronic effects of sympathectomy on the col- 
lateral arterial circulation in the eat. 


Received for publication Sept. 10, 1954. 
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METHODS 


Arterial insufficiency was produced by ligation of the external iliae or supe: 
ficial femoral arteries (just distal to the deep femoral artery) in the eat. Lum 
bar sympathectomy, when performed, involved the left side only. Four or 
five ganglia and intervening chain were removed: One or two ganglia between 
the renal artery and the diaphragm, and two or three ganglia distal to the 
renal artery (to just below the peripheral end of the abdominal aorta). This is 
comparable to the most extensive lumbar sympathectomy usually performed in 
man (first lumbar ganglia through fourth lumbar ganglia) for chronie pro- 
gressive arterial occlusive disease affecting the lower extremities.**~*® 

The study of the collateral arterial vessels was carried out under intraperi- 
toneal pentobarbital anesthesia. Two methods were used. The first was an 
angiographic method. Mercury was injected into a visceral branch of the ab- 
dominal aorta, after first occluding the aorta centrally so as to direct the mereury 
into the hind-limb vessels. The pressure necessary to cause the mereury to flow 
was noted (the ‘‘zero’’ pressure), and then the injection pressure was increased 
by 20 to 30 mm. of mereury increments until first one and then the other femoral 
arteries distal to the ligatures were seen to fill (as observed visually and later 
verified on the x-ray films). Roentgenograms were taken at each pressure after 
allowing about two minutes for filling of the vascular tree. In previous work 
we have shown that, given the interfacial tension of mercury against blood, 


one can calculate the diameter of the vessel within which the mercury comes to 
rest at a given injection pressure.”°?! The derived formula is d = — where 
d = the internal diameter of vessel in microns, and p — the mercury 
injection pressure in millimeters of mereury. This method gives values that 
are similar to those obtained by other methods.*° 74 At any rate, we were pri- 
marily interested in studying the relative size of the largest collateral vessel 
in one hind limb with that in the other hind limb under different circumstances 
—either left-sided lumbar sympathectomy or different durations of ischemia. 

The second method consisted of the measurement of the mean blood pres- 
sure in the superficial femoral arteries after prior ligation of the external iliac 
arteries and left-sided lumbar sympathectomy. The cannulation was done at 
a sufficient distance peripheral to the point of ligature so as not to interfere 
with the largest collateral vessel, as visualized on mereury angiograms in the 
other cats used previously. The cannulas were directed toward the heart. <A 
mereury manometer was used and a three-way stopcock was interposed so that 
first one and then the other superficial femoral artery pressure could be meas- 
ured alternately and repeatedly on the one manometer. Readings were taken 
for periods up to fifty-eight minutes after cannulation. 


Only one of the two methods was used in any one animal. The first method 
demonstrated the size of the largest collateral vessel present, that is, the injee- 
tion pressure that produced initial filling of the superficial femoral artery 
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distal to the tie, and it also demonstrated the density of arterial vessels in 
the limb. The second method was a measure of the blood flow through all the 
collateral arterial vessels present. 

RESULTS 

The first study concerned the comparison of the size of the largest collateral 
vessel, determined by mercury injection angiography, in the left hind limb sub- 
jected to acute superficial femoral ligation to that in right hind limb subjected 
to superficial femoral ligation four to thirty days previously. Twelve cats 
were studied. These data are presented in Table I. It can be seen that after 
twenty-one days the largest collateral vessel is always larger in the right hind 
limb, the side of chronic ischemia. 

The density of arterial vessels was the same in both hind limbs in ten of 
the twelve animals, and in two the density appeared to be slightly greater on 
the right, the side of chronic ischemia. This may merely reflect the previously 
noted dilatation of the collateral vessels. In the three animals studied after 
only four days of chronic ischemia of the right hind limb, the expected’® greater 
size of the largest collateral on the side of chronic ischemia was not found. The 
recent trauma involved in placing the ligature may have interfered with the 
collateral flow. 


TABLE I. Mercury ANGIOGRAPHY STUDIES AFTER ACUTE VERSUS CHRONIC ARTERIAL LIGATION 








INCREASE IN PRES- 
SURE (MM. HG) COMPARATIVE 
NO. OF DAYS SINCE FEMORAL ARTERY, NECESSARY TO FILL | FILLING OF 
LIGATION OF RIGHT | DISTAL TO LIGATURE, OTHER FEMORAL THE ARTE- 
ANIMAL FEMORAL ARTERY FILLING FIRST ARTERY RIAL TREES 
71 Same 0 Same 
72 30 Same 
73 40 — 
74 55 — 
75 180 Same 
76 20 R>L 
80 60 R>L 
81 60 Same 
82 g Same 
83 > 50 ~~ 
85 90 Same 
89 100 Same 
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Caleulation of the size of the largest collateral vessel was made in Cat 80, 
one of the animals that exhibited a very large collateral. From Table I it can 
be seen that the side of chronic ischemia filled at a pressure of 60 mm. of mer- 
cury less than the side of acute ischemia. The actual values were 120 mm. Hg 
as compared to 180 mm. Hg. The ‘‘zero’’ pressure—the blood pressure in the 
aorta distal to the aortic ligature—in this animal was 70 mm. Hg at the start 
of the mereury injection so the corrected injection pressures that produced 
filling of the femoral arteries distal to the tie were 50 and 110 mm. Hg, respec- 
tively. Using the formula previously noted, one finds that the largest collateral 
is 225 microns in diameter on the side of chronic ischemia and 102 microns on 
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the side of acute ischemia. In most of the animals the largest collateral vessel 
appeared to be smaller than this, but since in this experimental setup th: 
‘*zero’’ pressure probably changes during the injection procedure, exact caleu. 
lations are not possible. 

The second study concerned the comparison of the largest collateral vessel, 
by mercury injection angiography, in the left hind limb subjected to superficial 
femoral artery ligation plus lumbar sympathectomy to that in the right hind 
limb subjected to the arterial ligation alone. The arterial ligatures of 
the two hind limbs and the left lumbar sympathectomy were performed at one 
operation fourteen to seventy-five days before the angiographic studies. Twelve 
eats were used. These data are presented in Table II. It can be seen that there 
were small differences in the size of the largest collateral in the two hind limbs 
in different animals, but that these differences merely reflected chance variations, 
as noted in previous work.'® In two animals the largest collateral was of 
greater diameter on the side of the lumbar sympathectomy whereas in three 
animals it was of greater diameter on the innervated side, and in seven it was 
the same on both sides. Also, the density of arterial vessels on the average was 
similar in the two hind limbs, and the side of greater density was not necessarily 
the side where the largest collateral vessel had a greater diameter. Since the 
differences in size were slight and the differences in density were even less 
notable, it is difficult to attach any significance to this. In Fig. 1, the roentgeno- 
grams of one of the animals are presented (Cat No. 87). 


TABLE II. MerrcurRY ANGIOGRAPHY STUDIES AFTER CHRONIC ARTERIAL LIGATION AND 
LEFT LUMBAR SYMPATHECTOMY 





INCREASE IN PRES- 
NO. OF DAYS SINCE SURE (MM. HG) COMPARATIVE 
ARTERIAL LIGATURE FEMORAL ARTERY, NECESSARY TO FILL FILLING OF 
AND LEFT LUMBAR DISTAL TO LIGATURE, OTHER FEMORAL THE ARTER- 
ANIMAL SYMPATHECTOMY FILLING FIRST ARTERY IAL TREES 





1 75 Same 0 L>R 

2 30 R ? L>R 

3 30 Same 0 Same 
52 14 Same 0 Same 
60 30 R Same 
66 45 Same 0 Same 
67 R L>R 
78 2 L L>R 
84 Same 0 R>L 
87 Same 0 R>L 
88 Same 0 R>L 
90 L 20 R>L 


The third study concerned the comparison of the mean blood pressure in 
the superficial femoral arteries of the two hind limbs twenty-four to twenty-nine 
days after both external iliac arteries had been ligated and the lumbar sympa- 
thetic chain on the left side had been excised. Eight cats were used. These 
data are presented in Table III. It can be seen that the starting blood pressures 
as well as the maximum blood pressures recorded were similar on the two sides 
in all animals. 





. Fig. 1.—Consecutive angiograms in a cat (87) with bilateral superficial femoral artery 
ligation and left lumbar sympathectomy. The injection pressures were (A) 80, (B) 110, and 
(C) 110 mm. Hg, respectively. The ‘zero’ pressure was something less than 70 mm. Hg. 
Both superficial femoral arteries filled at 110 mm. Hg; the actual collaterals can be seen in B. 
In C it can be seen that the density of arterial vessels in the region of the ligature is about 
the same on the two sides, possibly somewhat greater on the right. 
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TABLE III. BiLoop PRESSURE IN THE FEMORAL ARTERIES AFTER BILATERIAL CHRONIC 
EXTERNAL ILIAC LIGATION AND LEFT LUMBAR SYMPATHECTOMY 








LOOD PRESSURE (MM. HG) 
NO. OF DAYS SINCE ARTER- |_— BLOOD PRESSURE ( ; a 
IAL LIGATION AND LEFT STARTING | MAXIMUM 


ANIMAL LUMBAR SYMPATHECTOMY | RIGHT | LEFT | RIGHT ‘LEFT 


91 25 120 108 120 116 
92 29 90 95 95 95 
94 24 30 30 32 33 
95 25 101 103 128 123 
96 26 88 90 90 90 
97 25 70 100 97 
98 26 110 114 114 
99 28 9s 115 118 














DISCUSSION 


It was shown that after peripheral arterial ligation in the cat the internal 
diameter of the largest collateral vessel increases with the passage of time. This 
change in size was not influenced by lumbar sympathectomy within seventy-five 
days, the longest any animal was studied. Atlas'* has claimed that he could 
show an increase in pulsation by oscillometry one year after lumbar sympathee- 
tomy in eases of peripheral arterial disease in man. Our period of study might 
not be quite comparable to that of Atlas even when one is aware of the difference 
in the length of life between the cat and man. 


Since lumbar sympathectomy does increase total blood flow in the aeral 
parts, at least in eases of mild or moderate arterial insufficiency in man,**® one 
might ask whether this might not reflect a dilatation of the acral vessels them- 
selves rather than a dilatation of collateral vessels. This is of more than aca- 
demic interest, for the eventual loss of limb in peripheral progressive arterial 
occlusive disease in man, that is, arteriosclerosis obliterans, might well be deter- 
mined by the state of the main limb artery and its collaterals, and not by the 
differences between the usually existing dilatation of the vessels of the foot and 
the dilatation of the acral vessels of the foot produced by sympathectomy.®*!: 2” *° 
Even among enthusiasts of lumbar sympathectomy as presently performed for 
peripheral arterial disease one finds hints that in eases of advanced arterial 
insufficiency, frequently referred to as exhibiting low sympathetic tonus or as 
‘feases without spasm,’’ sympathectomy probably does not increase blood flow 
in the foot, the part most concerned in limb survival.’ ** **-?*7 It would appear 
that if lumbar sympathectomy produced no collateral dilatation, even if it were 
performed earlier in the disease, the early resulting increase in flow in the 
foot would disappear when the main artery and its collaterals became so in- 
volved that they now constituted the sole limitation in blood flow. Some eases 
cited by Wylie" would appear to support this contention. 

One of course wonders why lumbar sympathectomy in the eat does not 
dilate the small arterial vessels that constitute the anastomoses known as the 
collateral vessels, when it is known to dilate similarly sized arterial vessels in 
the foot in the anesthetized animal.'® Wilkins and Eichna** have also noted 
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that the small arterial vessels behave differently in the acral and the more proxi- 
mal portions of a limb. Further, if lumbar sympathectomy dilated the collat- 
eral vessels in cases where it is known to have increased flow in the foot, one 
would always expect that intermittent claudication of the muscles of the ex- 
tremity would be benefited also, even if the sympathectomy had no effect on 
the small arterial vessels of the muscles themselves. This is not found to be 
the ease. Claudication distance may be increased by sympathectomy but not 
with sufficient frequency to make this the main or usual reason for that opera- 
tion.2? Nor could Cannon and associates*® show any nutritive effect of sympa- 
theetomy on the bone of the limb in the eat. 

It is important to note that we did not try to determine whether a more 
extensive sympathectomy might affect the size of the collateral in the cat. It 
might be that the sympathectomy as performed in the eat, and perhaps as per- 
formed in man, is not high enough to denervate effectively the arterial vessels 
of the thigh. White*! claimed that the first lumbar ganglion must also be re- 
moved if an effect on claudication is to be expected. Roth*? has noted that 
infradiaphragmatiec sympathectomy gives absence of sweating only from the 
mid-thigh downward. Thompson and co-workers** also presented evidence that 
it is difficult to sympathectomize the anterior thigh. Since the thigh vessels, as 
well as the bifurcation of the aorta itself, are frequently involved in the oeclu- 
sive process in arteriosclerosis obliterans, one can see that sympathetic denerva- 
tion of these areas would be desirable if it could be shown that the procedure 
actually did dilate collateral vessels in man. The need for studies on limb 
survival time with and without sympathectomy as presently performed or with 
lumbar sympathectomy plus splanchnicectomy using alternate patients or the 
opposite hind limb as controls has been long overdue. Our experiments again 
point out the need for such studies. 


SUMMARY 


Within three to four weeks after superficial femoral artery ligation in the 
cat there is a considerable increase in the size of the largest collateral vessel 
present. Lumbar sympathectomy comparable to that usually performed in man 
for peripheral arterial disease does not augment this increase in size within 
seventy-five days, the longest any animal was studied. 

Lumbar sympathectomy does dilate the arterial vessels of the feet, at least 
early in arteriosclerosis obliterans. The eventual loss of the limb, however, is 
probably determined by the state of the main artery and its collaterals rather 
than by the existing degree of dilatation of the vessels of the feet. 


In spite of this evidence in the eat it may be that lumbar sympathectomy 
as now performed or a sympathectomy that also denervates the upper thigh 
vessels and the bifureation of the abdominal aorta might affect the collateral 
vessels favorably and so prolong the life of the limb in progressive occlusive 
arterial disease in man. The need for controlled studies on this point is long 
overdue. 
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the end of the nineteenth century due to the work of Matas,*t Murphy,” 
and their contemporaries.’® ?* 2° 2% *> The experimental work of Carrel®> in 
the early 1900’s demonstrated that homologous arterial grafts could be sue- 
cessfully used after being preserved by a variety of methods. His best results 
were obtained by storage in Locke’s solution at 0° to 3° C. He found that 
vessels could be preserved up to thirty-five days with little histologic change in 
the media or muscle fibers and with slight loss of elasticity. Similar results 
were reported by a number of other investigators.» *% 1%: 2% 49-45, 48 

The recent revival of interest in homologous arterial grafts was initiated 
by Gross and his associates.'*"*® ** They found a balanced salt solution forti- 
fied with serum and antibiotics and stored at 1° to 4° C. to be a satisfactory 
solution for preservation of arterial grafts for one month or longer. They 
were the first to use homologous arterial grafts in patients. Freezing was used 
as a method of preservation by Hufnagel, Deterling, and others,® * * *° 1) * 
who reported satisfactory results after storage for at least eight months. 
Freeze-drying offers the additional advantage of permitting storage of the 
grafts at room temperature. 

Freeze-drying has been widely used for the preservation of blood sera, 
penicillin, and so forth, for over a deeade.’? The first clearly recorded use of 
freeze-drying for the preservation of biologicals was by Shackell** in 1909. 
In 1933, Flosdorf and Mudd"! freeze dried the first products for actual clin- 
ical use. These were human convalescent and normal human sera and plasma. 
The success with these and other biologicals led to the adoption of this tech- 
nique for the preservation of blood vessels and other tissues. 

This method was adopted for the preservation of blood vessels at the 
National Naval Medical Center.*® “© The grafts were found to do well experi- 
mentally,*° and the data suggested that freeze-dried homografts might be 
superior to fresh homografts.** As the result of these experiments, freeze- 
dried grafts have been used clinically in a number of different centers.* *° ” 
The method of freeze-drying in use at the Hospital of the University of Penn- 
sylvania is similar to that developed by the Naval Medical Research Institute. 


M*°8 advancements in vascular surgery were made in this country at 


Received for publication, Sept. 16, 1954. 
*Trainee of National Heart Institute. 
**Scholar of the American Cancer Society and I. S. Ravdin Traveling Fellow. 
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APPARATUS AND THEORETICAL PRINCIPLES 


KFreeze-drying a biologie product at low temperatures preserves the his- 
tologie structure as water is removed and allows storage in the desiceated 
state at ambient temperature. In freeze-drying the temperature of the tissue 
is quickly lowered and ice crystals of small size are thereby obtained which 
minimize mechanical damage to the tissues. Almost all the water is recovered 
from the tissue by sublimation at temperatures below the freezing point, which 
further minimizes tissue damage. For any freeze-drying operation the rate of 
drying is directly proportional to the rate at which heat may be applied to the 
tissue if other factors remain constant.* In freeze-drying arterial grafts, since 
most of the water must be removed at temperatures below the freezing point, 
the rate of drying is necessarily slower. 

The simple freeze-dryer which is herein presented consists of a drying 
compartment, a condenser, and a vacuum pump (Figs. 1 and 2). It is con- 
structed so that the path from the drying compartment to the condenser and 
the pump has little resistance to the flow of gases. In this apparatus if much 
resistance were present, higher drying temperatures would be needed to in- 
erease the vapor pressure in the drying compartment to compensate for this 


resistance.!* 2% 47+ 


*This is illustrated mathematically by the Clayperon equation (*): 
daP H (sub. ) 


dt ~ TT (Ve-Vi) 
yActually, the length and diameter of round pipe connecting the parts may be deter- 
mined by a derivative of Knudsen’s* equation dealing with the flow of vapors in a vacuum 
system. Reimann*®® discussed Knudsen’s equation and its modification by Normand* for the 
design of vacuum systems. Reimann gave Knudsen’s equation in the range of semimolecular 
flow, where Pm multiplied by D, with Pm in microns of mercury and D in centimeters, is in 
the range of 17.5 to 550 as: 





Vp DPm 
7 
ee 
— 1:24 Vp D Pm 
U] 
C = conductance; D = internal diameter of the pipe: 1 = length of the pipe; 7 = vis- 
cosity; p = density; Pm = mean pressure; and w is expressed by the equation: 
27 1 +44D 
6 D3 
At -10° C. the viscosity (7) of water vapor is 9.2 * 10-5 (reference 36) poise, and the 
density (p) measured at —-10° C. and at a pressure of 1 dyne/cm.? when calculated by the 
perfect gas law is 8.24 x 10-" Gm./em.* Further conversion is needed to express Pm in 
microns of mercury in the first term; the approximation of 27 1 
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an average value of 0.99 (reference 39) is used. Expressed simply, C may be calculated by 
the following: 
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is substituted for w, and for 





2. 5 4 . 4 3 
ih at 3°558 X 105D ae 144 xX 10D 
1 1 

Where C will be expressed Gm./c.c., D is in cm., Pm in microns of mercury, and 1 in cm. 

This equation is applicable for the freeze-dryer of Fig. 1. Substituting for 1 an equivalent 
length of 150 cm., the smallest D between the drying tank and the condenser, 5 cm., and 
the measured pressure of 50 uw for Pm we get a value of 7.43 X 10° Gm./c.c. for the con- 
ductance. 

Similarly if the value Pm D is greater than 550, then Poiseuille’s law (7) or the first 
term of Knudsen’s equation holds: 

a D* Pm 3-558 x 105°D*Pm 


C=“ «+ * i 
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The condenser has a large surface area so that the heat exchange pe 
unit area is small. As the operation commences, the surface becomes iced and 
the heat transfer is from the vapor to the ice-covered wall of the condenser 
to the condensing bath outside.*7 With the bath at —78° C. and the condenser 
gg from —63° to -68° C., the vapor pressure of the condensed ice is 
low (less than 8 ») (Fig. 3) that it interferes very little with the pump, 

W aie h operates at 50 » of mercury pressure. 
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Drying tank 15x31 cm. 
Connecting tube 8x40 " 
with acetone =s G& 5x44 " 


-- INSULATIO wie ” Condenser 10 x32:5" 
































Fig. 1.—Schematic drawing of freeze-drying apparatus. 


The pump which has been used is a Ceneo Hypervae No. 23, and is more 
powerful than actually needed. For a small freeze-drying operation any 
mechanical oil-sealed rotary pump with a high capacity at the vapor pressure 
corresponding to the temperature at which the tissue is being dried would be 
suitable. The net pumping speed may be caleulated.* 

*The net pumping speed (S) may be calculated from the following equation: 

1 1 1 
.-wTe 
Where S equals the rated speed of the pump = 2.7 X 10° @.c./sec. at 50 uw of pressure. C 


conductance = 7.43 X 10° c.c./sec.; therefore, by calculation S = 2.63 xX 10° c.c./sec. for the 
freeze-dryer of Fig. 2. 
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No additional heat is applied to the drying compartment of this apparatus 
other than that of room air. Since the tissue to be freeze-dried is frozen when 
put into the drying compartment, which is evacuated, the vacuum acts as an 
insulator which prevents the temperature of the tissue from rising rapidly. 
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Fig. 2.—Photograph of freeze-drying apparatus. 









A vacuum gauge is attached to the apparatus by means of a rubber tube 
and a three-way stopcock, which may be opened to release the vacuum at the 
end of the operation (Figs. 1 and 2). A plastic gasket is fitted between the 
flanged edges where the connecting tube is joined to the drying tank and the 
condenser. The flanged edges are secured with aluminum cleats until a satis- 
factory vacuum is reached. The connections are sealed with a mixture of 
petroleum jelly and ordinary modeling clay, which makes an effective high- 
vacuum seal. The size of the individual parts makes for easy sterilization and 
cleaning, but usage has shown that the flanges will not prevent leaks without 
tedious application of the modeling clay—petroleum jelly mixture. A machine 
with a flange containing a recessed rubber ring might expedite obtaining a 
vacuum. The metal parts are of bronze with lead welds, a combination that 
will stand low temperatures without changes in physical structure and is rela- 
tively cheap and easy to machine. The minimum pressure that has been ob- 
tained with this apparatus has been 50 » of mercury. This is largely because 
rubber tubing and bronze have been used. This pressure corresponds to a 
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vapor pressure of ice at a temperature of —48° C. (Fig. 3), and since the con- 
denser temperature is well below —48° C., the apparatus gives efficient results 
at 50 » of pressure. 


METHOD 


Human arteries for freeze-drying are obtained using sterile precautions 
from cadavers less than 45 years of age, free from atherosclerosis, infection, or 
malignant disease. The grafts are taken as soon as possible after death. The 
small branches are cut long enough to leave a proximal end for ligation. The 
loose connective tissue is removed. The vessels are placed in 500 ec. of 
Ringer’s solution to which has been added 1,000,000 units of penicillin and 1 
Gm. of streptomycin. The vessels in this solution are stored at 1 to 4° C. for 
not more than forty-eight hours. When the freeze-drying operation is to 
begin, the arteries are cut in desired lengths and placed in sterile Pyrex test 
tubes (32 by 300 mm.). A small piece of vessel is taken for bacterial culture. 
The tubes are stoppered with sterile gauze and placed in a mixture of dry 
ice and acetone at a temperature of —78° C. After the tubes are rotated slowly in 
this mixture for ten minutes, they are placed in the drying compartment of the 
freeze-dryer, which has been sterilized by autoclaving. A vacuum is obtained 
as soon as possible. A pressure of 50 » of mercury is maintained for thirty- 
six hours. During this time the condenser is constantly immersed in the dry 
ice—acetone mixture at —78° C. 








TEMPERATURE | "VAPOR PRESSURE 





‘é Cc.) (pu Hg ) 
—80 0.4 
-~70 1.94 
—60 8.08 
—50 29.55 
—40 96.6 
—30 285.9 
-20 776.0 
-10 1,950 

0 4,57$ 
10 9,209 
20 17,535 





Fig. 3.—Values for the vapor pressure of water in microns (yx) of mercury at different tem- 
peratures. . 
As the drying operation is discontinued, the tubes are removed from the 
drying tank and quickly stoppered. A second vacuum is obtained within the tube 
by passing a sterile No. 17 gauge needle through the stopper and connecting it 
to the three-way stopcock on the apparatus until a vacuum of about 100 »p 
is reached. The stoppers, in the past, have been covered with sealing wax. 
The vacuum is tested from time to time by means of a spark gap. This method 
will detect a vacuum in the range of 10 to 6,000 » of mereury pressure. 
When the arteries are to be used, the seal is broken and the arteries 
placed in sterile physiologic saline solution for approximately one-half hour. 
They should not be handled until fully reconstituted. Branches are tied or 
closed by suture ties and the vessel is ready for use. It should look and feel 
very similar to a fresh artery. 
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DISCUSSION 


The highest temperature at which the dehydration of arterial grafts may 
be carried out has not been determined. The theoretical temperatures for the 
dehydration of tissues vary from —10° for plasma to -55° C. Flosdorf?? 
quoted Scott** as stating that while —55° C. is theoretically the optimum tem- 
perature for the preservation of the tissue electrolytes, in practice —32.5° C. 
gives good results. One additional factor of importance is that the lower the 
temperature at which the tissue is dehydrated the less tendency there is for 
softening (eutectic melting) and for changes in the tissue to occur, but in 
practice the temperature should not be so low as to require an extremely long 
time for drying, 
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Fig. 4.—Graph showing the temperature change of human aortic grafts during the 
drying period using the freeze-dryer shown in Fig. 2. The amount of water remaining in the 
arteries is related to the temperature. 


It usually takes about four minutes to reach a pressure of 250 p of mer- 
cury and about ten minutes to reach 50 » of mereury pressure. When seg- 
ments of dog and human aortas of approximately 1 Gm. weight were wrapped 
and ligated around a thermocouple, the temperature of the artery was found 
to rise quickly to between —30 and ~20° C. Then the temperature rises gradu- 
ally to equilibrium with room temperature in approximately twelve hours. A 
typical drying curve is illustrated in Fig. 4. A total of sixteen experiments 
using thermocouples have been made and all gave essentially the same re- 
sults. At the time.that the drying tank reaches room temperature, most of the 
moisture has been removed. In our experience all human arteries were at 
room temperature after approximately twelve to fifteen hours. At this time, 
not more than 5 per cent water remains. It has been found that thin vessels, 
such as dog aortas of about 1 mm. thickness, are dry in from twelve to fifteen 
hours; cow aortas with thicknesses up to 5 mm. require seventy-two hours to 
dry. The speed of drying is also proportional to the total amount of water 
to be removed. Since our human aorta grafts are from young individuals, 
the thickness is usually about 2mm. The drying should be completed in about 
twenty-four hours. However, if there were variations in pressure, or if the 
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vessels were slightly thicker, the drying time would be lengthened. We have 
allowed thirty-six hours as the drying time using this apparatus and method. 
No arteries have had more than 1 per cent water after drying. The water con- 
tent is determined by placing a weighed freeze-dried vessel in an evacuated 
phosphorous pentoxide desiccator until the weight is constant. The value of | 
per cent water is the amount of residual water allowed for the storage of 
plasma. 


Some of the grafts prepared by the method described have been stored 
for over one year using a rubber stopper and sealing wax seal. The secondary 
vacuum drawn on the tube for storage could be better preserved with a per- 
manent glass seal. However, we have not sealed the tubes with glass and a 
butyl rubber and Glyptal seal is probably better than a seal using stoppers and 
sealing wax. It is of obvious practical advantage to preserve a high vacuum 
for as long as possible to prevent unnecessary spoilage of the preserved grafts. 


A unit of this capacity can easily process the arterial grafts normally used 
in a large city or process grafts for a military unit of considerable size. The 
initial cost of this unit was less than five hundred dollars. 

To date, approximately twenty grafts which were preserved by this ap- 
paratus have been used. They have been apparently successful in all but one 
instance. On that occasion the graft ruptured on about the thirtieth day post- 
operatively. The tear in the graft was so straight as to suggest that the graft 
had been cracked by too early handling during its reconstitution. No other 
explanation seemed reasonable. 


CONCLUSIONS 


An inexpensive apparatus for the preparation of freeze-dried tissue for 
clinical use is described and the theoretical principles used in the construe- 
tion of the apparatus are discussed with illustrative experimental data. 


We wish to thank Dr. M. C. Molstad, Director of the School of Chemical Engineering of 
the University of Pennsylvania, for his interest in this problem and the loan of equipment. 
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FREEZE-DRY PROCESS FOR ARTERIES 


Lester R. SauvaGe,* Caprain, MC, USAR, Sic6munp A. WESOLOWSKI,** 
Captain, MC, USAR, ANnp Rocer D. Princ, M.S., WAsHINGTON, D. C. 
(From the Division of Surgery, Army Medical Service Graduate School, Walter Reed 
Army Medical Center) 

FROZEN-DRIED artery bank has the advantages of great stability, ease 
A of maintenance, independence of special environmental circumstances, and 
ready transportability. When we began a study of frozen-dried arterial seg- 
ments fifteen months ago, we were of the opinion that the freeze-dry process was 
so complex as to be applicable to arterial banking in only a few centers. How- 
ever, we now know the process to be simple and applicable to almost any com- 
munity having need for an artery bank. 

The objectives of this report are as follows: (1) to review the principles 
of freeze-drying; (2) to consider the data of experimental studies in view 
of these principles; and (3) to discuss certain aspects of freeze-drying as they 
pertain to establishing and maintaining a simple and efficient frozen-dried 
artery bank. 


PRINCIPLES OF FREEZE-DRYING 


Dried proteins remain stable in the absence of oxygen. Drying by evap- 
oration (liquid to gas) denatures proteins, while freeze-drying by sublima- 
tion (ice to gas) below a temperature specific for each protein does not. Thus, 
the freeze-dry process has found wide application in the pharmaceutical in- 
dustry for the preservation of biologie products. Basically, the process is 
simple. In brief, a substance is frozen and then placed in a vacuum environ- 
ment where its water content is lost if the heat necessary for sublimation (670 
calories per gram, Greaves, 1946) is available from the environment. The 
vacuum is established by a mechanical pump which removes the great majority 
of the air from the system. While the capacity of such pumps at low pressures 
may be inereased by diffusion pumps, their use is not required in most freeze- 
dry operations. 

Water vapor impairs the efficiency of mechanical pumps. Thus, the water 
vapor sublimed from the specimens must not be allowed to reach the pump. 
This is most readily accomplished by means of a cold surface (trap) over 
which all gases must pass. Upon contacting this surface, the water vapor 
desublimes and becomes ice. The trapping surface is kept cold by an external 
coolant. With respect to water vapor there is little to be gained by having 

Received for publication Sept. 21, 1954. 
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a coolant colder than a dry iee—aleohol bath (—72° C.).*  Llowever, a colder 
surface is required to trap gases such as ethylene oxide which do not condense 
and freeze at the temperature of dry ice. 

The vapor pressure of ice varies directly with its temperature and ex- 
presses the tendency of molecules to leave its surface. The greater this tend- 
ency, the faster sublimation occurs if a good vacuum is maintained. After 
the air has been evacuated, the partial pressure of the water subliming from 
the specimens closely approximates the total pressures of the system. Thus, 
the total pressure becomes an index of the temperature of the specimens. 

The heat lost in sublimation keeps the specimen frozen. When sublima- 
tion ceases, the specimen assumes the temperature of its environment. The 
more complete the removal of air from the system, the more efficient the cold 
trap, and the more available the heat required for sublimation, the greater is 
the rate of sublimation and the shorter is the drying cycle. 


EXPERIMENTAL STUDIES 


A. Apparatus and Method.—A diffusion pump-—doublet-liquid nitrogen 
(-196° C.)+ vaeuum system (Fig. 1) and a manifold vacuum system (Fig. 2) 
were employed in these studies. The doublet system has been described by 
Hufnagel, Rabil, and Reed (1954). Our system differed from theirs in that 
we employed a Ceneco Hypervae 4 pump, an oil diffusion pump, and a Philips 
gauge instead of a megavae pump, a mercury diffusion pump, and a Pirani 
gauge. The manifolds we have used are standard items of laboratory freeze- 
dry equipment. Their wide inlets and outlets should be noted. 

McLeod, Pirani, and Philips vacuum gauges were employed in these 
studies. Basically, vacuum gauges may be considered as absolute or as sec- 
ondary gauges. Absolute gauges are those which measure pressure directly. 
The MeLeod gauge is of this type. Its reading represents the extent to which 
a column of mereury is depressed by the vapor pressure within the system. 
Secondary gauges are those which measure the effect of the vacuum upon a 
particular process such as the ionization of gases (Philips gauge) or the con- 
ductanee of electricity over a wire (Pirani gauge). These gauges are eali- 
brated against absolute gauges in order to ascertain what the gradations of 
effect upon such processes mean in terms of microns of vapor pressure within 
the system. One micron is 0.001 mm. of mercury pressure. 

The McLeod gauge does not accurately measure water vapor pressure 
over a wide range, for condensation occurs under the pressure of the mereury 
column. The addition of a water vapor trap to the gauge increases its ac- 
curacy. Flosdorf (1949, p. 54) considers the McLeod gauge to be useful in 
freeze-dry operations. Its scale runs from 1 to 5,000 microns. 


The Philips gauge is too sensitive for use in the majority of freeze-dry 
operations. Its seale runs from 0.01 to 25 microns. 


*Handbook of Chemistry and Physics, p.. 2127, Chemical Rubber Publishing Company, 
Cleveland, Ohio, 1953-1954. 
tIbid., p. 2112. 
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The Pirani gauge is well suited for use in most freeze-dry operations. Its 
scale runs from 0 to 1,000 microns, but its accuracy at pressures below 1 and 
above 500 microns decreases sharply. We employed electronic recorders with 
the Pirani gauges to obtain continuous pressure records. 
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Fig. 1.—Photograph of the diffusion pump—doublet—liquid nitrogen vacuum system taken 
during a run of porcine arterial segments. This system consists of the following items of 
equipment placed in series: a Cenco Hypervac 4 pump, a length of hose, an oil diffusion 
pump, a metal elbow arm to which is attached a Philips gauge, a condensable vapor trap* 
surrounded by a Dewar flask containing liquid nitrogen, and cryostatic doublets* (containing 
liquid nitrogen in their reservoirs) to which have been attached Pyrex specimen tubes.* The 
Philips gauge, because of its position on the pump side of the cold traps, is not influenced 
by water vapor. 


Before studying the effects of frozen specimens upon the pressures within 
a particular system, the maximum degree of vacuum (base-line pressure) that 
this system could attain without attached specimens was determined. Follow- 


ing this, the pump was momentarily stopped, the vacuum broken, the speci- 
mens attached, and the pump restarted. In this way an accurate appraisal of 


*Built by the BiVac Company, 4001 Morrison Street, N.W., Washington, D. C. 
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the influence of the specimens upon the pressure within a particular system 
could be obtained. The base-line pressures within the two systems varied 
somewhat from run to run. The base-line pressure of the diffusion pump 
doublet-liquid nitrogen system in most runs was 0.01 micron on the Philips 
gauge, 0 microns on the Pirani gauge, and 1 micron on the McLeod gauge. 
The base-line pressure of the manifold system was consistently at or close to 
5 microns on both the Pirani and the McLeod gauges. 
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Fig. 2.—Photograph of the manifold vacuum system taken during a run of human 
arterial segments. This system consists of the following items of equipment placed in series: 
a Cenco Hypervac 4 pump, a short length of hose, a condensable vapor trap* surrounded by 
,a Dewar flask containing an appropriate coolant (see discussion, heading B), and a Pyrex 
manifold* to which Pyrex specimen tubes* and a vacuum gauge (McLeod) have been attached. 
This apparatus can be assembled upon the top of an ordinary desk. Two ring stands are 
sufficient to support the manifold. A brass manifold is shown above the Pyrex manifold. 
Both are satisfactory. However, we prefer the Pyrex model because it is transparent, easy 
to clean, and can be checked for leaks with a spark coil. The specimen tubes from left to 
right, respectively, contain an aortic arch segment, a descending thoracic aorta segment, and 
a bifurcation segment. 


B. Experiments Illustrating Certain of the Principles of Freeze-drying. 

1. Position of gauges: Simultaneous measurement of pressures on both 
sides of the trap in the doublet system (Fig. 3) during runs of ice containing 
specimens revealed higher values on the specimen side. The pressure differ- 
ence was large (over 100 microns) early in the run but progressively decreased 
as the pressure on the specimen side gradually fell to that of the pump side 
with drying of the specimen. These findings illustrate the principle that 
water vapor does not influence a gauge positioned behind a col/ trap. 


*Built by the BiVac Company, 4001 Morrison Street, N.W., Washington, D. C, 
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2. Extrinsic specimen coolants: Ice blocks or frozen arteries run for five 
to eight hours at pressures below 1 micron did not dry significantly when sur- 
rounded by dry ice—aleohol baths (—72° C.). For example, during one five- 
hour run a frozen arterial segment lost 1 milligram or 0.019 per cent of its 
original weight of 5,219 milligrams. These findings illustrate the principle 
that both a heat supply and a vacuum environment are necessary for the dry- 
ing of frozen specimens. 
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Fig. 3.—Schematic drawing depicting the essential features of the apparatus arrangement 
which was employed for the simultaneous runs of the diffusion pump—doublet—liquid nitrogen 
and manifold—dry ice-alcohol vacuum systems. These two systems function independently and 
their results can thus be compared one to the other. Both 10-gram ice blocks of distilled 
water and frozen human arterial segments were employed as specimens. Ice blocks are shown 
in this drawing. The toluol thermometers imbedded in the ice blocks gave an accurate index 
of the temperatures of these specimens. The location of the McLeod and Pirani gauges 
enabled vapor pressures to be measured very close to the specimen surface. This is in con- 
trast to the location of the Philips gauge, which was distant from the specimens. Also, the 
Philips gauge was separated from the specimens by the individual overhead traps of the 
cryostatic doublets. 


3. Ice load and vapor pressure: The peak pressure registered by a McLeod 
gauge with 1, 2, 3, and 5 specimen tubes, each containing a 10-gram ice block, 
attached to the manifold system (Fig. 2) was 27, 50, 80, and 150 microns, re- 
spectively. These findings illustrate the principle that the pressure within the 
system varies proportionally with the ice load placed upon the system. 
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4. Vapor pressure and specimen temperature: An experiment with th 
manifold system was performed using an apparatus arrangement which differed 
from that shown in Fig. 3 by virtue of an adjustable communication with a water 
vapor source. Regulation of the temperature of this source enabled the pressur 
of the system to be varied as desired. The specimen temperature was dra 
matically influenced by major changes in system pressure. For example, with 
pressures of 100, 300, and 800 microns the ice block temperatures were —40°, 
-31°, and -17° C., respectively. These findings illustrate the principle that 
specimen temperature varies proportionally with the pressure in the system. 

C. Studies of the Freeze-dry Process as It Pertains to the Preservation of 
Arterial Segments.— 

1. Comparison of the diffusion pump-doublet-liquid nitrogen system with 
the manifold—dry ice-alcohol system: 

(a) During a simultaneous run of frozen human arterial segments. An ap- 
paratus arrangement similar to that shown in Fig. 3 was employed. A speci- 
men tube containing a frozen human arterial segment weighing 9 grams was 
attached to a port of the doublet, and a similar tube containing a practically 
identical human arterial segment was attached to a port of the manifold. No 
coolant was maintained about the specimens after they were attached to their 
respective systems. Pressures were registered at mid-specimen level by a 
Pirani gauge attached to each tube. The pressure in the tube attached to the 
manifold began at 190 microns, while that in the tube attached to the doublet 
began at 155 microns. The return to the base-line pressure of the dry system 
occurred in approximately nine hours in each system. However, throughout 
the great majority of the drying cycle, the pressure in the doublet system was 
at least 20 microns lower than it was in the manifold system. 

(b) During a simultaneous run of 10-gram ice blocks of distilled water. 
An experiment was performed utilizing the apparatus arrangement shown in 
Fig. 3. Only the pressures registered by the Pirani gauges will be considered. 
The Pirani gauge pressures, ice block temperatures, and average times for 
the complete sublimation of the ice blocks in the two systems are shown in 
Table I. The time required for complete sublimation of each ice block was 
determined by noting the exact instant at which the last speck of ice dis- 
appeared from each specimen tube. It is to be pointed out that the ice load 
of each trap in the doublet system was 10 grams, while the ice load of the 
single trap in the manifold system was 30 grams. The doublet ice block was 
consistently about 4° C. colder than the manifold ice block throughout the 
temperature range of the experiment. The average time required for the com- 
plete sublimation of the four doublet ice blocks was 1.76 per cent longer than 
that required for the three manifold ice blocks. This difference is not sig- 
nificant. The environment at normal room temperature provided the heat of 
sublimation for each system. Throughout the majority of the run, the pres- 
sure in the doublet system was from 40 to 50 microns lower than in the mani- 
fold system. This pressure difference was probably responsible for the tem- 
perature of the doublet ice block being 4° C. colder than that of the manifold 
ice block. 
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2. Human artery runs with the manifold—dry ice-alcohol system: Pres- 
sures within the manifold—dry ice-aleohol system (Fig. 2) were registered dur- 
ing two runs of human vessels by Pirani gauges. In one run 82 grams of frozen 
human arterial tissues was dried, while in the other run 41 grams of frozen 
human arterial tissue was dried. No coolant was maintained about these speci- 
mens after they were attached to the manifold. (The entire aorta with at- 
tached iliac branches of an average human adult weighs from 50 to 60 grams. ) 
The pressures did not exceed 300 microns during either of these human artery 
runs. The vessel segments employed and the Pirani gauge pressures recorded 
during the 41-gram run are shown in Figs. 2 and 5, respectively. The special 
tube (Fig. 4) used for the aortic arch should be noted. 


TABLE I. COMPARISON OF DIFFUSION PUMP—DOUBLET—LIQUID NITROGEN SYSTEM WITH 
MANIFOLD—DRY IcE-ALCOHOL SYSTEM DURING A SIMULTANEOUS RUN OF 10-GRAM 
Ice BLocks oF DISTILLED WATER 








PIRANI GAUGE PRESSURES ICE BLOCK TEMPERATURES | avyERAGE TIMES 
NO. OF TIME TO RETURN FOR COMPLETE 
ICE PEAK TO BASE LINE |INITIAL HIGH| ULTIMATE | SUBLIMATION 
BLOCKS (MICRONS ) (HOURS) (°C.) LOW (°C.) 
Doublet 4 197 16 -27.7 -38.1 16 hr., 
system 24 min. 
Manifold 3 227 16 -23.8 -33.8 16 hr., 
system 7 min. 

















Determinations were performed of the moisture contents of four frozen- 
dried human arterial segments, each of which had been processed in a different 


run of the manifold—dry ice-aleohol system. Two of these segments were en- 
tire aortic arches with attached portions of the upper descending thoracic 
aorta, and two were long segments of the descending thoracic aorta. In each 
run the pressures within the system returned to and remained stable at the 
base-line pressure of the dry system during at least the last four hours of the 
run. The longest run was twenty-one hours, and the shortest was eighteen 
hours. The apparatus employed for the final moisture content determinations 
was such that only one specimen could be run at atime. The following method 
was employed for determining the final moisture contents of these four speci- 
mens. The frozen-dried artery was removed from its hermetically sealed tube, 
quickly weighed to one-tenth of 1 milligram, and then transferred into a 
chamber which was connected with a vacuum system consisting of a Cenco 
Ilypervae 4 pump, an oil diffusion pump, and a liquid nitrogen trap placed in 
series. A vapor jacket which opened below into a retort filled with chloro- 
form and above into a cooling column was present about the chamber. The 
retort was positioned upon an electric heater and warmed sufficiently to cause 
the chloroform to boil. The vapors of the boiling chloroform maintained the 
specimen at 61° C. A vacuum of 0.01 micron, as measured by means of a 
Philips gauge positioned between diffusion pump and liquid nitrogen trap, 
was developed on the pump side of the trap. After several hours, the speci- 
men was removed from the system and weighed. This was periodically re- 
peated until the weight showed only very minor change from that of the last 
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weighing. All specimens were run for a minimum period of twenty-four hours 
The final moisture content of the specimen was calculated by dividing th 
total weight loss of the specimen in the chamber by the prechamber weigh‘ 
of the specimen. The final moisture content of the aortic arch(2) and descend 
ing thoracie aorta(2) specimens was 1.25, 1.06, 0.66, and 1.36 per cent, respec- 
tively. 


Fig. 4.—Photograph of the lower portion of the aortic arch tube shown in Fig. 2 re- 
vealing the frozen-dried arch specimen to have been processed without distortion. This tube 
was blown to conform to the dimensions of the average adult human aortic arch specimen. 
The bulge on the convex border of the tube accommodates the branches of the aortic 
arch. When the specimen is needed for use as a graft, the top of the tube is cracked off 
and the specimen is hydrated in situ by filling the remaining portion of the tube with isotonic 
saline solution containing penicillin and streptomycin. After hydration, the specimen may be 
removed easily from the tube. 


3. Ethylene oxide*: In one experiment human arterial segments which 
had been sterilized by immersion in liquid ethylene oxide for thirty minutes, 
according to the technique of Hufnagel, Rabil, and Reed (1954), were quickly 
frozen in a dry ice—alcohol bath and then dried by attachment to the manifold- 
dry ice-aleohol system. The results were alarming. The pressure as recorded 
by a McLeod gauge rose to 3,500 microns early in the run and continued at 
high levels during the majority of the drying cycle. Definite thawing of the 
specimens occurred. In a second experiment with ethylene oxide-treated hu- 
man arterial segments, liquid nitrogen was employed as the coolant for the 
trap and neither undue pressure elevation nor thawing of the specimens 
oceurred., 

In one experiment with ethylene oxide-treated porcine arterial segments, 
the vessels were not frozen until thirty minutes after the liquid ethylene oxide 
had been removed. After freezing, the vessels were dried from the frozen 


*Kindly supplied through the courtesy of Dr. C. A. Hufnagel of Georgetown University. 
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state. Following hydration in saline solution these frozen-dried segments were 
tough, leathery, and inelastic. In a second experiment with ethylene oxide- 
treated porcine arterial segments the vessels were frozen immediately after re- 
moving the ethylene oxide and then dried from the frozen state. Following 
hydration in saline solution these frozen-dried segments were soft, pliable, 
elastic, and closely resembled hydrated arterial segments which had not been 
immersed in ethylene oxide before being frozen-dried. 


— VAPOR PRESSURE IN MANIFOLD SYSTEM 
(41 GRAM HUMAN ARTERY LOAD) 


3004 
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Fig. 5.—Graph of the Pirani gauge readings registered in the manifold—dry ice-alcohol 
system during the drying from the frozen state of the human arterial segments shown in 
Fig. 2. The apparatus arrangement was identical to that shown in Fig. 2 with the exception 
that a Pirani gauge was attached into the system at the far end of the manifold in the same 
location as the McLeod gauge. The base-line pressure of the dry system was determined 
before the specimens were attached to the manifold. The time of attachment of the specimens 
to the manifold is indicated by the vertical rise in pressure due to the opening of the system 
to the atmosphere. After the pump was restarted, the pressure of the system fell abruptly 
as the air was evacuated. This downward trend of the pressure was quickly reversed as the 
specimen warmed and began to give off significant quantities of water vapor. The pressure 
rose rapidly to 280 microns and then fell progressively toward and finally regained the base- 
line level of the dry system approximately twelve hours later. The run was terminated 
after an additional period of six hours by sealing off the specimens from the system using 
a gas-oxygen torch. The final moisture content of the thoracic aorta segment was subse- 
quently determined and found to be 1.36 per cent. The specimens weighed 41 grams before 
nha and 8 grams after processing. Thirty-three grams of water was collected in the 
rap. 


In one experiment liquid ethylene oxide was employed as the specimen. 
A tube containing 20 ¢.c. of ethylene oxide was attached to a vacuum system 
consisting of the diffusion pump, a cold trap, and a manifold placed in series 
with the main pump. The pressure within the specimen tube was measured 
hy means of a Pirani gauge attached to a sidearm of the tube. With liquid 
nitrogen as the coolant about both the cold trap and the specimen tube, the 
ethylene oxide froze and the Pirani gauge registered 0 microns. However, 
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with liquid nitrogen about the cold trap and a dry ice—aleohol bath about th 
specimen tube, the ethylene oxide melted and the pressure rose to 140 microns. 
With a dry ice—alcohol bath as the coolant about both the cold trap and speci 
men tube, the Pirani gauge reading went rapidly off scale, for example, ove: 
1,000 microns. With liquid nitrogen about the trap and no extrinsic coolant 
about the specimen tube, the Pirani gauge reading oscillated between 180 and 
240 microns as the ethylene oxide boiled away rapidly. 
DISCUSSION 

In the reconstructive surgery of the arterial system following resection 
of obstructive, aneurysmal, or neoplastic processes, homologous arterial seg- 
ments have great utility. In most instances patients with these pathologic 
processes present themselves as elective surgical problems. The probable need 
for a graft is often known well in advance of the proposed operation. For the 
surgeon who rarely has patients of this type to treat, the best procedure is to 
procure suitable homologous arterial segments and store them in balanced salt 
solution at 4° C. (Gross and associates, 1949) until the patient can be sched- 
uled for surgery. However, for the surgeon who frequently has such patients 
to treat, this method is unsatisfactory primarily because it does not allow the 
arterial segments to be stored in a stable state for prolonged periods. Be- 
cause of this deficiency, attention has been directed toward finding methods 
of preservation that give the ‘‘bank’’ more stability. The work of Eastcott 
and Hufnagel (1951) and Meeker and Gross (1951) with frozen arterial grafts 
has clearly established low-temperature preservation (below -40° C.) as an 
acceptable method for preserving arterial segments for long periods of time. 
If one has a suitable icebox (below —40° C.) and does all his surgery in an 
adjacent location, this method of preservation is ideal. However, if these con- 
ditions do not obtain, the freeze-dry storage method may be better suited to 
the needs of the surgeon. The freeze-dry process does not transform bad 
arterial segments into good ones; neither does it make good ones better (Sau- 
vage and Wesolowski, 1954). However, this method does provide a practical 
solution to a pressing storage problem, and, as such, it constitutes a significant 
advance in the field of blood vessel repair and replacement. Marrangoni and 
Ceechini (1951) were the first to demonstrate that frozen-dried arterial homo- 
grafts could be used successfully as vascular grafts when they employed them 
to bridge arterial defects in dogs. Brown, Hufnagel, Pate, and Strong (1953) 
employed the first frozen-dried human arterial homograft on July 9, 1952. 
Since that time, Hufnagel of Georgetown University, DeBakey, Cooley, and 
Creech of Baylor University, and Bahnson of The Johns Hopkins University 
have successfully implanted a total of approximately 200 frozen-dried human 
arterial homografts with good results. 

Several important aspects of freeze-drying will he considered under the 

following headings: 

A. Arterial Temperatures During Drying—The dangers attendant upon 
the melting of frozen products at any time during the drying eyele have long 
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been recognized. It is not known how far below 0° C. it is desirable to main- 
tain a frozen artery while it is being dried. The highest temperature at which 
serum, plasma, and penicillin can be dried safely has been tabulated by Flosdorf 
(1949, p. 32) to be —9°, —20°, and —28° C., respectively. The vapor pressure of 
ice at these temperatures is 2,131, 776, and 351 microns,* respectively. After 
the frozen (—72° C.) arterial specimens were attached and the pump was re- 
started, the pressure (Fig. 5) in the manifold system (Fig. 2) fell rapidly. Dur- 
ing the time of this fall, the specimens warmed sufficiently to sublime such a 
quantity of water vapor that the pressure then rose abruptly. An equilibrium 
was soon established between the water subliming from the specimens and that 
desubliming in the trap. The pressure then fell slowly, and approximately 
twelve hours later had returned to the base-line pressure of the dry system. 
The vapor pressure of ice* at —30° C. may, for practical purposes, be consid- 
ered as 300 microns. The peak pressure of 280 microns recorded in Fig. 5 
indicates that the temperature of the specimens prboably did not rise above 
-30° C. while the specimens contained appreciable ice. It is probable that 
frozen human arterial segments can be dried safely at these temperatures. 
Ten human arterial segments which were dried from the frozen state at these 
temperatures have been implanted into 8 patients by memberst of the surgical 
service of the Walter Reed Army Hospital. Following hydration in saline 
solution for thirty minutes, all segments had physical properties which closely 
resembled those of the fresh state. These segments were employed to bridge 
major defects in the thoracic (2) and abdominal (6) aorta. Five of the grafts 
in the abdomen included the aortic bifureation. Three of the patients died 
from causes unrelated to the graft. Five of the patients are living at two, 
four, five, ten, and fourteen months after operation, respectively, and have 
clinical signs which indicate that their grafts have remained patent over these 
periods. 

B. Cold Traps.—The function of a cold trap is to remove the condensable 
vapors from the vacuum system. In runs of arterial segments which have not 
been treated with volatile liquids, such as ethylene oxide, water may, for prac- 
tical purposes, be considered as the only condensable vapor in the system. A 
trap which has proved very satisfactory in our work is diagrammatically 
shown (positioned between pump and manifold) in Fig. 3. This trap is con- 
structed in such a manner that the water vapor from the specimens is evacu- 
ated directly to the bottom of the trap, where it condenses and freezes. Ice 
in this location is kept at the temperature of the coolant surrounding the trap 
so long as the level of the coolant remains above the top of the ice. 

Whether a dry ice—aleohol bath or a liquid nitrogen bath should be placed 
around the trap in a vacuum system depends upon whether the arterial speci- 
mens are sources of vapors other than water, as, for example, ethylene oxide. 


*International Critical Tables, vol. III, p. 210, New York, 1928, McGraw-Hill Book 
Company, Inc. 


: fEdward J. Jahnke, Jr., Major, MC, USA; Carl W. Hughes, Lieutenant Colonel, MC, 
SA; Thomas H. Hewlett, Lieutenant Colcnel, MC, USA; and Arthur Cohen, Major, MC, 
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If they are sources only of water vapor, we prefer a dry ice—alcohol bath. Th 
reasons for this preference will now be considered. 

Water vapor moves from specimen to trap because the vapor pressure 0! 
the specimen ice is greater than that of the trap ice. Other factors remaining 
equal, the rapidity of the transfer is a direct function of the magnitude of this 
pressure difference (driving force). Ice held in a liquid nitrogen trap (—196 
C.) has a vapor pressure of 1.6 x 10°’? microns,* while ice held in a dry ice 
aleohol trap (—72° C.) has a vapor pressure of 1.43 microns.t The ice of a 
specimen having a temperature of —30° C. has a vapor pressure of approxi- 
mately 300 microns. If a liquid nitrogen trap is employed, the driving force 
from specimen to trap may be considered as 300 microns, whereas, if a dry ice— 
alcohol trap is employed, the driving force from specimen to trap may be con- 
sidered as 299 microns or only 0.33 per cent less than that provided by a liquid 
nitrogen trap. Since sublimation in the freeze-dry processing of arteries oc- 
curs at specimen temperatures close to —30° C., a dry ice trap is preferred as 
it is cheaper, easier to handle, more stable, and only slightly less effective than 
a liquid nitrogen trap. 

If arterial segments are to be dried from the frozen state after having 
been sterilized by immersion in ethylene oxide, a liquid nitrogen bath should 
be placed about the trap for the following reason. Maass and Boomer (1922) 
found a mixture of ethylene oxide and water to freeze above 0° C., as con- 
trasted with pure ethylene oxide, which freezes at —111° C. They concluded 
that an ethylene oxide hexahydrate (C.H,O-6H.O) is formed. Ethylene oxide 
hydrate may be formed in arteries subjected to sterilization by immersion in 
ethylene oxide with all unbound water being involved in the reaction. We 
conducted no studies of the vapor pressure-temperature relationship of ethyl- 
ene oxide hydrate and have found no data in the literature concerning this 
relationship. However, it seems probable that the vapor pressure of the 
hydrate would be greater than that of water but less than that of ethylene 
oxide. At —30° C., water and ethylene oxide have vapor pressures of approxi- 
mately 300 and 111,000 microns, respectively. Wesolowski and associates 
(1954) have observed arteries desiccated from the frozen state after immersion 
in ethylene oxide to dry more rapidly than similar arteries which have not 
been so immersed. The ethylene oxide hydrate probably sublimes from the 
artery as such and then dissociates in the gaseous state into ethylene oxide and 
water vapor. Since ethylene oxide freezes at —111° C., it will not solidify in 
a dry ice trap. Our data confirm this fact. The failure of a dry ice trap to 
solidify ethylene oxide contrasts with the success of a liquid nitrogen trap. 
Liquid air (—192° C.)¢ or liquid oxygen (-—183 ° C.)§ should also prove effective 
as trap coolants under these conditions as their boiling points are well below 
the freezing point of ethylene oxide. 


*International Critical Tables, vol. III, p. 358, New York, 1928, McGraw-Hill Book 
Company, Inc. 

fIbid., p. 210. 

tHandbook of Chemistry and Physics, p. 2286, Chemical Rubber Publishing Company, 
Cleveland, Ohio, 1953-1954. 

§Ibid., p. 2112. 
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C. Termination of the Run.—Within a few minutes after frozen specimens 
are attached to a pre-evacuated efficient system, the air is evacuated to the limit 
of the pump and the specimen becomes the sole source, exclusive of air leaks, 
of additional gases, for example, water or ethylene oxide entering the system. 
Thus, the pressure, if its base-line value for the dry system be known, becomes 
a reliable index of the amount of gas escaping from the specimens. Provided 
that the heat of sublimation is available to the specimens from their environ- 
ment, the return of the pressure to the base-line level of the dry system (Fig. 
5) indicates that the specimens are dry or nearly so as little gas can be escap- 
ing from them under these conditions. While our data show that little mois- 
ture remains in arterial segments which have been run for several hours after 
the base-line pressure of the dry system has been regained, they do not enable 
us to say whether significant drying occurred after the base-line pressure was 
reached. The arterial segments that we have run to this end point 
(Fig. 5) have a lower final moisture content (4 determinations averaged 1.1 
per cent) than do those processed by either Hufnagel of Georgetown Univer- 
sity (1954) or Sewell and Koth of the National Naval Medical Center (1954), 
who routinely obtain vessels with a final moisture content of about 4 per cent. 
The National Institutes of Health require dried biologic products to have a 
final moisture content of not over 1 per cent. Sewell and Koth (1954) have 
suggested that an artery of this degree of dryness is probably inferior to one 
having a final moisture content of 4 to 5 per cent. While we have no data in 
this regard, we believe that arterial segments dried to 1 per cent final moisture 
content without the application of heat, other than that provided by the en- 
vironment at normal room temperature, will remain stable for longer periods 
than will those with a final moisture content of 5 per cent. Although one may 
terminate a run when the vessel segments appear dry and the tubes feel warm, 
we believe that the end point of the drying cycle can be more accurately deter- 
mined by following the pressure in the system. A Pirani gauge positioned 
on the specimen side of the cold trap is suitable for this purpose. We advise 
that the pressure in the system be used as the indicator of the end point of the 
drying cycle and suggest that the run be continued for several hours (Fig. 5) 
after the base-line pressure of the dry system has been regained. 

D. The Frozen Dried Artery Bank—Principles Regarding; Apparatus for; 
and Techniques of Operation—We routinely procure human arterial segments 
under sterile conditions and place them in flasks containing sterile Tyrode’s 
solution to which has been added streptomycin, penicillin, and 10 per cent 
homologous serum. These arterial segments are then refrigerated at or near 
4° C. until used or frozen-dried. If a patient who may need an arterial graft 
is to be operated upon within a few days after these sterile arterial segments 
have been procured, these segments will be preserved in the fluid medium until 
the operation and then used as grafts if needed. If there is not an early 
need for grafts or if these segments are not used after having been kept for a 
‘ew days in the fluid medium, they are frozen-dried. We no not attempt to 
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accumulate a certain number of arterial segments before processing them. QO; 
the contrary, we find it more convenient to freeze-dry the segments as they 
become available. 

In the first half of our work we employed the diffusion pump-—doublet— 
liquid nitrogen vacuum system shown in Fig. 1 to dry 300 arterial segments 
from the frozen state according to the technique of Hufnagel, Rabil, and Reed 
(1954) and found this method to be practical and highly efficient. Subse- 
quently, we found that a manifold vacuum system was easier to operate and 
nearly as efficient as the more complex diffusion pump—doublet-liquid nitro- 
gen system. As a result, we now employ the vacuum system shown in Fig. 2 
for drying arterial segments from the frozen state. The gauge is attached into 
the system at the distal end of the manifold. We prefer a Pirani gauge, but 
a McLeod gauge can be employed if one is cognizant of its limitations. 

It is important to realize that each specimen attached to the manifold in- 
creases the total ice load of the system. The vapor pressure in the system in- 
creases directly with the ice load. As a consequence of this relationship be- 
tween vapor pressure and ice load, the specimens dry at higher temperatures 
when the ice load of the system is increased. 


Our technique of drying frozen arterial segments procured under sterile 
conditions differs from that of arterial segments sterilized by immersion in 
liquid ethylene oxide. As the first step in preparing for a freeze-dry run of 


arterial segments procured under sterile conditions, the ports of the manifold 
are plugged, the pump is started, a dry ice—alecohol bath is placed about the 
trap, and the base-line pressure of the dry system is determined while the 
arterial segments are prepared for attachment to the manifold. 


The arterial segments from one human donor are routinely placed into 
three sterile specimen tubes, as shown in Fig. 2. These segments are then 
frozen by immersion of the specimen tubes in a dry ice—aleohol mixture. After 
the frozen vessels have equilibrated to the temperature of the dry ice—alcohol 
mixture, as signified by a cessation of bubbling about the tubes (generally re- 
quiring from five to ten minutes), they are ready to be attached to the ports 
of the manifold. When the base-line pressure of the dry system has been de- 
termined, the pump is stopped and the system opened by removing the plugs 
from the ports of the manifold. The specimen tubes are then rapidly con- 
nected to these ports and the pump restarted. The practice of placing dry ice- 
aleohol baths about the specimen tubes during the early portion of the run 
does no harm. In fact, it may prevent the temperature of the specimens from 
rising to dangerous levels while the system is being evacuated or if there 
should be extraneous water or major air leaks in the system. It is to be 
pointed out that little or no ice will sublime from the specimens during the 
period that these dry ice—alcohol baths are maintained about the specimen 
tubes. The length of time that the pump is stopped depends upon the number 
of tubes one attaches to the manifold. The total time required for attaching 
each tube averages about three seconds. The priming of the vacuum system 
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by prior evacuation enables the system to be cleared of air within the first 
two or three minutes after restarting the pump. The pressure changes occur- 
ring during a representative run of human arterial segments are shown in 
Fig. 5. 


Fig. 6.—Photograph showing the frozen-dried arterial segments obtained from an average 
adult human donor after they had been hermetically sealed in their specimen tubes at the 
completion of the drying cycle. These segments were dried from the frozen state upon the 
manifold—dry ice-alcohol system shown in Fig. 2. The aortic arch segment is in the tube 
on the left; the descending thoracic aorta segment is in the middle tube; and the entire 
abdominal aorta with bifurcation and attached iliac branches to the femorals is in the tube 
on the right. 

Runs are usually started in the afternoon and completed the next day. 
We have found no advantage in completing a run on the day that it is started 
as compared to completing it the next day. The system needs no attention 
after the run is under way. The dry ice—aleohol mixture in a 2 L. Dewar flask 
about the trap will last from twenty-four to thirty hours. The base-line pres- 
sure of the dry system will usually have been regained by 8:00 a.m. of the 
next day. At that time a faint bluish glow may be produced in the specimen 
tubes by bringing a spark coil near them. The run is continued for several 
more hours and then terminated at a convenient time by hermetically sealing 
off the specimens from the system using a gas-oxygen torch. The arterial seg- 


ments are thus sealed in sterile tubes having a vapor pressure at the instant of 
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sealing which is equal to that of the dry system. The tops of the tubes are 
then carefully annealed in order to remove stress lines from the glass, as 


these could cause spontaneous cracking of the tubes. As a protection agains| 
the loss of the vacuum should stress cracks occur in the glass, the tops of the 
tubes may be covered with a cement or wax. The glow produced in the speci- 
men tubes by bringing a spark coil near them is again determined. If no 
cracks have occurred in the glass, the glow in the tube will be the same as it 
was before the tube was separated from the system. The pertinent informa- 
tion concerning the donor, the arterial segments, and the processing are en- 
tered in the bank records and an identifying label is placed upon each tube. 
The frozen-dried arterial segments from one human donor are shown in Fig. 6, 
These arterial segments are then stored at room temperature until needed. 
At that time the tubes are broken and the specimens removed. These are 
hydrated by immersion in an isotonic saline solution containing penicillin and 
streptomycin. These antibiotics are drawn into the interstices of the arterial 
wall as it undergoes hydration. After about thirty minutes in the saline solu- 
tion the arterial segments will have nearly completely regained the physical 
properties of the fresh state. Although the duration of the storage period 
that will just suffice to render properly processed frozen-dried arterial seg- 
ments unfit for use as arterial grafts is not known, it is probable that these 
segments will remain fit for use as grafts over storage periods many years in 
duration. 

With respect to the sterilization of contaminated arterial segments by im- 
mersion in ethylene oxide, we believe it important to freeze the vessel seg- 
ments immediately after decanting the ethylene oxide. Further, we believe 
the technique of drying these frozen arterial segments should differ from that 
described for arterial segments not treated with ethylene oxide. First, liquid 
nitrogen should be employed as the coolant about the trap instead of a dry ice— 
aleohol mixture so that the ethylene oxide vapor released into the system will 
condense and freeze in the trap. Ethylene oxide vapor raises the total pres- 
sure of the system and thus could increase the specimen temperature sufficient 
to denature its protein content. In addition, the explosive hazard associated 
with the use of ethylene oxide is increased if the ethylene oxide vapor is al- 
lowed free access to the pump. Second, a dry ice—aleohol bath should be main- 
tained about the specimen tubes during the early period of the run. This pre- 
caution prevents dangerous elevations of specimen temperature while the liquid 
ethylene oxide residual from the sterilizing procedure is evaporated from the 
tubes. 

SUMMARY 


The principles of freeze-drying have been reviewed. Practical experience 
gained from freeze-drying arterial segments and data obtained from quantita- 
tive studies of the freeze-dry process as it pertains to the preservation of 
arteries have been considered in view of these principles. Certain aspects of 
freeze-drying have been discussed with reference to establishing and maintain- 
ing an artery bank that embodies the features of simplicity, stability, ease of 
maintenance, and ready transportability. 
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CONCLUSION 


Satisfactory frozen-dried arterial segments may be prepared by simple 
techniques with suitable manifold-type vacuum systems. 


Acknowledgments.—We wish to thank R. B. Gochenour, VMD, Chief, and E. W. Plischke, 


B.S. in Chem. Engineer., member, Dept. of Biologics Research, Division of Immunology, Army 
Medical Service Graduate School, Walter Reed Army Medical Center, for their assistance in 
this study. 


a 


» 


REFERENCES 


Brown, R. B., Hufnagel, C. A., Pate, J. W., and Strong, W. R.: Freeze-dried Arterial 
Homografts; Clinical Application, Surg., Gynec. & Obst. 97: 657-664, 1953. 


. Easteott, H. G., and Hufnagel, C. A.: The Preservation of Arterial Grafts by Freezing, 


Proc. Surg. Forum, Clin. Congress Am. Coll. Surgeons, 1950, Philadelphia, 1951, 
W. B. Saunders Company, pp. 269-274. 


3. Flosdorf, E. W.: Freeze-drying, New York, 1949, Reinhold Publishing Corporation. 


. Greaves, R. I, N.: The Preservation of Proteins by Drying With Special Reference 


to the Production of Dried Human Serum and Plasma for Transfusion, Med. Res. 
Council, Special Report Series No. 258, 1946. 


. Gross, R. E., Bill, A. H., Jr., and Peirce, C. E., II: Methods of Preservation and 


Transplantation of Arterial Grafts, Surg., Gynec. & Obst. 88: 689-701, 1949. 


i. Hufnagel, C. A., Rabil, P. J., and Reed, L.: A Method for the Preservation of Arterial 


Homo- and Heterografts, Proc. Surg. Forum, Clin. Congress Am, Coll. Surgeons, 
1953, Philadelphia, 1954, W. B. Saunders Company, pp. 162-168. 


. Hufnagel, C. A.: Personal communication, April 21, 1954. 


. Maass, O., and Boomer, E. H.: Vapor Densities at Low Pressure and Over an Ex- 


tended Temperature Range. I. The Properties of Ethylene Oxide Compared to 
Oxygen Compounds of Similar Molecular Weight, J. Am, Chem. Soc. 44: 1709- 


1728, 1922. 


. Marrangoni, A. G., and Ceechini, L. P.: Homotransplantation of Arterial Segments 


Preserved by the Freeze-drying Method, Ann. Surg. 134: 977-983, 1951. 


. Meeker, I. A., Jr., and Gross, R. E.: Sterilization of Frozen Arterial Grafts by High- 


voltage Cathode-ray Irradiation, SURGERY 30: 19-28, 1951. 


. Sauvage, L, R., and Wesolowski, 8. A.: The Healing and Fate of Arterial Grafts, 


SurGery. To be published. 


2. Sewell, W. H., and Koth, D. R.: Personal communication, April 21, 1954. 
3. Sewell, W. H., and Koth, D. R.: Transplantation Bulletin 1: 135-136, 1954. 
14. Wesolowski, S. A., Sauvage, L. R., and Pine, R. D.: Quantitative Observations During 


the Freeze-dry Processing of Arterial Segments, J. Thoracic Surg. In press, 





A SURVEY OF EVACUATION, RESUSCITATION, AND MORTALITY IN 
A FORWARD SURGICAL HOSPITAL 
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Captain, MC, USAR, Anp FrAnK K. Inur, Caprain, MC, USAR 


(From the Surgical Research Team in Korea, Army Medical Service Graduate School, 
United States Army) 


F  gosisnggnige more effective weapons have been devised with each succeeding 
war, the case fatality rate of the wounded soldier has steadily declined. 
An evaluation of the methods of treatment of the battle casualty requires ac- 
curate and complete recording of data concerning patient care, complications, 
and mortality rate. These data may then be compared with data obtained 
from similar groups in previous wars. The dissemination of such information 
is a very important factor in the continued improvement in the treatment of 
battle casualties. 

This report covers the period from Jan. 1, 1952, to Aug. 1, 1953, of the 
Korean conflict, during which time the Surgical Research Team was active in 
studying various problems at the 46th Surgical Hospital. This hospital was 
located approximately ten miles from the battle lines. The building was of 
tropical shell construction with a conerete floor. The hospital was equipped 
and staffed to do all types of major surgical procedure. 

During the period of this report, large numbers of projects were being 
carried on and, as various ones were completed, others were initiated. In some 
instances, new projects were begun when there was a change in personnel. One 
of the last projects to be carried on was the survey of evacuation, resuscitation, 
complications, and mortality on every casualty admitted to the general surgical 
service. 


PART I. EVACUATION AND RESUSCITATION OF CASUALTIES DURING THE FINAL THREE 
MONTHS OF THE KOREAN CONFLICT 


In this particular survey, the period covered was from May 1, 1953, to 
Aug. 1, 1953. Although this represents a relatively short period of time, some 
of the information gathered appears to reflect experiences gained in the previous 
fifteen months because there was little change in the tactical situation, patient 
load, and mode of evacuation, and the site of the hospital remained the same. 

Statistical data study sheets were completed for all general surgical pa- 
tients. These sheets were made an integral part of the patient’s record while 
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he was in the hospital, and they were removed when the patient was evacuated 
to the rear or discharged to return to duty. The admitting officer completed all 
pertinent administrative data, and additional information on the patient’s care 
from injury to discharge from the hospital was completed by the medical officer 
assigned to the particular patient. The statistical data sheets were tabulated 
each month, and the results were made available for discussion by the staff. 
Patients included in this survey were those sustaining wounds of the abdomen, 
chest, or combined wounds of the chest and abdomen, those requiring amputa- 
tion, and those with open fractures. 

Table I shows the total number of casualties and the mode of evacuation. 
There were 250 patients in this group; 75 had abdominal wounds, 29 thoraco- 
abdominal wounds, and 33 thoracic wounds. There were 31 patients who re- 
quired amputations, and 82 had open fractures. Except for the group sustain- 
ing open fractures, approximately two-fifths of these patients were evacuated 
by helicopter. 


TABLE I. CASE FATALITY RATES AND MODE OF EVACUATION 








MORTALITY NOT 
TYPE OF WOUND TOTAL DEATH (PER CENT) | AMBULANCE | HELICOPTER STATED 


Abdominal 75 9 12.0 40 27 8 
Thoracoabdominal 29 3 10.3 19 8 2 
Thoracic 33 2 6.1 17 10 6 
Amputations 31 3 9.7 16 13 2 
Open fractures 82 1 1.2 53 18 11 


Total 250 18 7.2 145 76 29 











Time Intervals.—Table II shows the average time interval for various phases 
of care. The average period from injury to admission in the five groups was 
3.6 hours, and from injury to surgery 6.6 hours. The operative time averaged 
1.8 hours. The duration of the operation for casualties with abdominal and 
thoracoabdominal wounds was greater than for casualties with other types of 
wounds. 


TABLE II. TIME INTERVALS (AVERAGE IN Hours) 








NUMBER INJURY TO ADMISSION INJURY TO | OPERATIVE 
TYPE OF WOUND OF CASES ADMISSION TO SURGERY SURGERY TIME 
Abdominal 75 HS 3.2 6.3 2.4 
Thoracoabdominal 29 4, py | F f 
Thoracic 33 3.7 3.8 
Amputations 31 4.2 2.6 
Open fractures 82 3.5 2.7 


Total 250 3.6 3.0 











Resuscitative Fluids.—Table III lists the average amount of blood admin- 
istered to the various types of casualties. Several patients received 1 unit of 
dextran or albumin prior to admission. Only a few patients received blood prior 
to admission. All but the open fracture group were given an average of one 
and one-third liters of blood preoperatively. During operation an average of 
one and one-third liters of blood was given, except in the casualties with chest 
wounds and those with open fractures. 
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In the first twenty-four hours following injury, patients with abdominal 
wounds and those requiring amputations were given an avezage of 3.5 L. of 
blood. Patients with thoracoabdominal wounds, tho.cie wounds, and oper 
fractures received 2.9, 1.9, and 0.9 L. (averages) of biood, respectively, in the 
first twenty-four-hour period. 


TABLE III. BiLoop TRANSFUSIONS (AVERAGE CUBIC CENTIMETERS TRANSFUSED) 


NUMBER OF | PREADMIS- | PREOPERA- | DURING ist 24 HOURS 
TYPE OF WOUND CASUALTIES SION | ‘TION | OPERATION || AFTER INJURY 





Abdominal* 70 264 1,464 1,467 3,428 
Thoracoabdominal 29 103 1,308 1,187 2,867 
Thoracic 33 75 1,088 333 1,890 
Amputationst 30 469 1,403 1,407 3,500 
Open fractures 82 47 380 448 926 





*These figures do not include cascalties who were given 40. 46, 52, and 56 pints of blood, 
respectively, and one casualty on whom no record was available. 
FOne casualty who received 35 pints of blood was not included. 


TABLE IV. CAUSES OF DEATH 


| TOTAL DEATHS 1 

NUMBER AND PERCENT- 

TYPE OF WOUND | OF 
Abdominal 





| 





CASES | AGES CAUSES OF DEATH TOTAL 
75 9 (12.0%) Uncontrolled hemorrhage 


5) 
Peritonitis 2 
Aspiration pneumonia ] 
-ancreatitis l 


Thoracoabdominal 3 (10.3%) Uncontrolled hemorrhage 
Postoperative shock 
Cardiac arrest 


Thoracic ( 6.1%) Air embolism 
Massive hemorrhage 
4 


Amputations 9.7%) Uncontrolled hemorrhage 
Cardiac arrest after hyper- 
morphinism 
Massive hemorrhage (died 
10 min. after admission) 


Open fractures ( 1.2%) Massive hemorrhage (died 
30 min. after admission; 
given 12 pt. blood) 





Deaths and Case Fatality Rates—Table IV lists the deaths and the ease 
fatality rates for each group. There were 9 deaths in the group with abdominal 
injuries, a case fatality rate of 12 per cent. Of this number, 5 patients died 
of uncontrolled hemorrhage, 2 of peritonitis, and 1 each of aspiration pneu- 
monia and pancreatitis. There were 3 deaths in the thoracoabdominal group, 
a case fatality rate of 10.3 per cent. The causes of death were uncontrolled 
hemorrhage, postoperative shock, and ecardiae arrest. There were 2 deaths 
among patients suffering from thoracic wounds, a ease fatality rate of 6.1 per 
eent. One patient died of a massive, uncontrolled hemorrhage from a lacerated 
pulmonary vein, and 1 patient died of air embolism which oceurred during 
positive pressure transfusion. There were 3 deaths in patients suffering from 
traumatic amputations, a case fatality rate of 9.7 per cent. One patient died 
of uncontrolled hemorrhage, 1 of cardiae arrest following excessive morphine, 
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and 1 of massive hemorrhage from the thigh immediately after admission to the 
hospital. In the open fracture group there was only 1 death, an incidence of 
1.2 per cent. This patient died of uncontrolled hemorrhage from massive wounds 
of both upper thighs. He was given 12 pints of blood in thirty minutes, but 
failed to respond. In the casualties described, more than one-half the deaths 
were caused by uncontrolled hemorrhage. 


PART II. CASE FATALITY RATES IN 1952 anv 1953 


Data on total admissions were obtained for the period from Jan. 1, 1952, 
to Jan. 1, 1953. During this time, 3,716 general surgical patients were admitted 
to the 46th Surgical Hospital, and 83 of these patients died, a case fatality 
rate of 2.2 per cent. During the period from Feb. 1, 1953, to Aug. 1, 1953, 995 
general surgical patients were admitted to the hospital and, for these patients, 
the case fatality rate was 3.2 per cent. During the two periods mentioned, a 
variation of types of patients were admitted. In 1952, all but a few casualties 
requiring operations were admitted to the hospital. In 1953, many of the less 
severely injured casualties were operated upon at a clearing station. The 
over-all ease fatality rate for these two periods was 2.4 per cent. 

From Jan. 1, 1952, to Jan. 1, 1953, 327 patients were admitted to the hos- 
pital who had abdominal injuries, and 42 deaths occurred, a case fatality rate 
of 12.8 per cent. From May 1 to Aug. 1, 1953, nine deaths occurred among the 
75 casualties sustaining abdominal wounds, a ease fatality rate of 12 per cent. 
For the combined group, the rate was 12.7 per cent. 

During the periods from Jan. 23, 1952, to October, 1952, and from Feb. 1, 
1953, to Aug. 1, 1953, there were 140 casualties who required major amputa- 
tions (Table V). Of this number, 11 deaths occurred, a case fatality rate of 
7.9 per cent. Table V shows the distribution of the levels of amputation and 
the case fatality rate. 


TABLE V. Mason AMPUTATIONS* (JANUARY—OCTOBER, 1952, AND FEBRUARY-—AUGUST, 1953) 








| TOTAL TOTAL 
UPPER EXTREMITIES | NUMBER | DEATHS LOWER EXTREMITIES NUMBER | DEATHS 
Above elbow 9 1 Above knee 16 
Below elbow 27 1 Bilateral above knee 3 
Bilateral below elbow i 0 Below knee 64 
BOTH EXTREMITIES Bilateral below knee rf 
Bilateral above and below 8 
knee 


Both legs and both arms 1 0 Total 140 11 
0 


Below knee and below 3 Mortality rates 7.9 per cent 
elbow 

















Both legs and one arm 1 1 














*Includes hands and feet, but not digits. 


PART III. COMPARISON OF FATALITIES IN KOREA WITH A SIMILAR GROUP IN 
WORLD WAR II 


It is difficult to make an accurate comparison of case fatality statistics of 
any two wars, or even of various groups in the same war, because of the many 
factors contributing to the case fatality rate in the wounded. Forsee' stated 
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that no sizable group of American surgeons ever had such a vast experience in 
the surgical care of the severely wounded battle casualties as did the Seeond 
Auxiliary Surgical Group in World War II. This group worked in the firs‘ 
priority surgical hospitals whose location and function in the chain of evac 
uation were similar to the Mobile Army Surgical Hospitals in Korea. For this 
reason, the statistical data of the Second Auxiliary Surgical Group were 
selected as a basis for comparison of the data gathered in Korea. 

Evacuation Time.—Table VI shows a comparison during World War II 
and in Korea of the time intervals of evacuation of casualties with abdominal! 
wounds. The time interval from injury to admission to the surgical hospital 
was shorter in the Korean conflict, but the interval from admission to surgery 
was not greatly changed. In general, the interval from injury to admission was 
approximately twice as long during World War II. 


TABLE VI. COMPARISON OF TIME INTERVALS IN CASUALTIES WITH ABDOMINAL WOUNDS 








WORLD WAR II, 1945* “KOREAN CONFLICT, 1953 
TIME INTERVAL (AVERAGE IN HOURS) (AVERAGE IN HOURS) 


Injury to admission 5.6 3.1 
Admission to surgery 3.4 3.2 
Injury to surgery 8.9 








*Second Auxiliary Surgical Group.! 


Resuscitative Fluids.—Comparative data on resuscitative fluids are difficult 
to obtain for World War II. Table VII shows the report of the Second Auxiliary 
Surgical Group on the use of blood and plasma administered to casualties who 
had colon and rectal wounds. This report mentioned that rarely was there any 
limit to the supply of blood and plasma. No time interval was stated for periods 
during which blood was given; however, it is assumed that the interval includes 
all periods during which blood and plasma were given while a casualty was at 
the First Priority Hospital. The total amount of blood and plasma given to 
the casualties who survived approximated 2 L. of resuscitative fluids per patient. 
The casualties who died had received approximately 3.5 L., while the average 
for both groups was about 2.5 L. 


TABLE VII. BLOOD AND PLASMA TRANSFUSIONS IN CASUALTIES WITH COLON AND RECTAL 
INJURIES, WORLD War II* 








BLOOD 

CONDITION OF NUMBER OF | TRANSFUSED NUMBER OF “TRANSFUSED 

CASUALTY PATIENTS (AVERAGE IN C.C.) PATIENTS | (AVERAGE IN C.C.) 

Living 721 4,415 706 n 610. 
Dead 410 2,0 400 888 

Total 1,131 ; ne ‘2a 


*Second Auxiliary Surgical Group, World War II.} 

















In World War II, casualties who had colon and rectal wounds received an 
average of at least 1 L. less of resuscitative fluids than did the casualties who 
sustained abdominal wounds in the Korean conflict (Table III). 

Comparison of Case Fatality Rates.—It is difficult to make an .ccurate 
comparison of ease fatality rates for World War II and for those reported in 
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this survey because no comparable groups are reported. In the Mediterranean 
theater of operations from January to June, 1944, the case fatality rate for 
34,731 casualties was 3.3 per cent.2, This group excluded those injured soldiers 
who were returned to duty from the battalion aid station, clearing stations, and 
dispensaries. In this survey for the Korean conflict, the over-all case fatality 
rate is 2.4 per cent for the general surgical patients at the 46th Surgical Hospital 
covering a period of eighteen months. 

Our study shows that the organ most frequently involved was the colon 
among those who had abdominal injuries (Table VIII). Second and third in 
frequency were injuries of the small intestine and liver. The next most 
commonly injured organs were, in order, the kidney, spleen, and stomach. In- 
cidence of organ injury follows rather closely the figures compiled for World 
War II. During our series, the case fatality rates of all groups, with the excep- 
tion of wounds of the ureter, were consistently lower than in the World War II 
series, and in many instances the rate was approximately one-half of that for 
World War II. An exception in our study was injury to the duodenum; 17 
patients had duodenal injuries, a case fatality rate of 41.2 per cent. Our survey 
indicated a high case fatality rate in patients with ureteral injuries; in 4 of 
these the case fatality rate was 50 per cent. Among 27 cases of ureteral injuries 
in the World War II series, the case fatality rate was 41 per cent. 


TABLE VIII. COMPARATIVE STATISTICS FOR CASE FATALITY RATES OF ABDOMINAL WOUNDS BY 
ORGANS INJURED: KoREA, 1952-1953, AND WorLD War II, 1942-1945* 








KOREA WORLD WAR II 


COM- cOM- 

PLI- UNCOM- PLI- UNCOM- 
ALL CASES CATEDt |PLICATED ALL CASES CATEDt |PLICATED 
DEATHS PER PER DEATHS PER PER 

NUMBER PER CENT CENT | NUMBER PER CENT CENT 
VISCUS WOUNDED| CENT DYING DYING | WOUNDED] CENT DYING DYING 


Colon 140 15.0 18.5 9.3 1,106 37 41 23 
Jejunum and 134 13.4 16.4 3.0 1,168 30 36 14 


ileum 
Liver 102 829 27 39 10 
Stomach 45 416 41 42 29 
Kidney 55 427 35 38 16 
Spleen 54 341 25 30 12 
Rectum 22 155 30 42 14 
Bladder 21 155 30 34 0 
Duodenum 17 118 56 56 50 
Pancreas 9 62 58 57 100 
Gall bladder 33 53 30 30 0 
Ureter 4 27 41 42 0 


*Second Auxiliary Surgical Group.’ 
+Additional organ damage. 
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To equalize approximately the time interval from injury to admission, the 
series covering the Korean conflict was grouped according to the number of 
organs injured in those casualties who were operated on within an average of 
seven hours following injury (Table IX). This method was adopted in order 
to compare results with a similar group of casualties in World War II on which 
tabulation was made by Beebe and De Bakey.’ In their series of 1,185 casualties 
with abdominal wounds, the case fatality rate was 20.5 per cent, whereas, in the 





608 SAKO, ARTZ, HOWARD, BRONWELL, AND INUI Aoet m 
384 casualties reported here, the case fatality rate was 8.85 per cent. In th 
World War II series, the casualties included those who were operated upon 
within seven hours following injury, whereas, in the Korean conflict series, th 
casualties included those operated upon within an average of seven hours after 
injury. Consequently, in the latter group, many casualties were undoubtedl; 
operated upon after seven hours following injury. Since the time element was 
essentially comparable, the lower case fatality rate in the Korean conflict cannot 
be ascribed entirely to the shorter period of evacuation. 


TABLE IX. COMPARATIVE STATISTICS FOR CASE FATALITY RATES FOR ABDOMINAL WouNDS 
BY NUMBER OF ORGANS INJURED 





KOREA | WORLD WAR II 
OPERATION TO INJURY OPERATION TO INJURY* | 


a 1E 7 > wT | 
NUMBER OF (AVERAGE, 7 HR. ) —o _ (4 HR. OR LESS ) | STATISTICAL TESTS 
ABDOMINAL TOTAL PER CENT 














TOTAL PER CENT | FOR SIGNIFICANCE 
ORGANS HIT WOUNDED DYING | WOUNDED | DYING OF DIFFERENCES 
36 2.8 98 ; 
181 6.6 496 Chi square analyzed 
102 6.9 402 p according to the 
45 26.7 y number of abdominal 
organs injured 
12 58.3 1 gives: X2 (5) — 6.96 
6 16.7 3) : 92 0.30 > P > 0.20t 
2 50.0 é 100 
Total 384 X2 =— 26.3 
Average 8.85 20.51 P < 0.001} 

















*Second Auxiliary Surgical Group, World War II.? 
7There is no significant difference between the two groups in distribution of number of 
abdominal organs injured, which indicates the two series are comparable. 
tThere is a highly significant difference in mortality between the two groups. 


Comparison of data on thoracoabdominal wounds again revealed that the 
ase fatality rate according to organ injured in our series was about one-half of 
that in the group studied by Beebe and De Bakey (Table X). The greatest 
difference occurred in those casualties sustaining gastric wounds. In our study, 
23 patients having gastric injuries had a case mortality rate of 4.3 per cent as 
compared with the World War II series, in which there were 93 deaths among 
211 casualties, a case fatality rate of 44 per cent. 


TABLE X. CASE FATALITY RATES OF THORACOABDOMINAL WOUNDS BY ORGANS INJURED 








KOREA | SECOND AUXILIARY SURGICAL GROUP 
1952-1953 1942-1945 





TOTAL DEATHS TOTAL DEATHS 


ORGAN | WOUNDED NUMBER | PER CENT WOUNDED NUMBER | PER CENT 
Liver 52 11.5 507 137 27 
Spleen 25 16.0 279 80 29 
Stomach 23 4.3 211 93 44 
Large intestine 27 22.2 191 95 50 
Small intestine 24 ‘ 37.5 115 54 47 
Kidney 17 ‘ 29.4 121 71 59 





Further analysis was made of the thoracoabdominal injury groups in terms 
of the side of the chest involved. In our series, of the 129 thoracoabdominal 
injuries, 72 were primarily on the right side and 57 on the left, with a case 
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fatality rate of 16.7 and 8.8 per cent, respectively (Table XI). In the World 
War II series, of 883 thoracoabdominal injuries, the number was approximately 
equal on the right and left sides (485 on the right side and 448 on the left). 
The ease fatality rates were also approximately the same for both sides: 24 per 
eent for the right and 30 per cent for the left. 


TABLE XI. COMPARATIVE CASE FATALITY RATES FOR THORACOABDOMINAL WOUNDS 





RIGHT DIAPHRAGM LEFT DIAPHRAGM TOTAL 
| DEATHS DEATHS | DEATHS 

NUMBER | PER | NUMBER PER | NUMBER PER 

WOUNDED| NUMBER net WOUNDED} NUMBER | oe WOUNDED| NUMBER een 
Korea, 72 12 16.7 57 5 8.8 129 17 13.1 
1952-1953 
World War 435 103 24.0 448 136 30.0 883 239 27.0 
II, 1942-1945 























DISCUSSION 


One of the important determining factors in the causation of death depends 
upon the body region which is struck and, more particularly, the tissue involved. 
Beebe and De Bakey* showed that, among the 36,000 wounded soldiers who had 
lost time because of injury during the first six months of 1944 in the Mediter- 
ranean theater, the case fatality rate was higher in those suffering from abdominal 
injuries (17.1 per cent). Chest wounds stood second to abdominal wounds in 
case fatality rate (8.1 per cent). Head, face, and neck wounds had an incidence 
of 5.7 per cent; the lower extremities, 2.1 per cent; and the upper extremities, 
1.1 per cent. 

For a number of reasons, an equally extensive missile wound of the chest, 
abdomen, buttocks, and upper thigh would probably have a decreasing fatality 
in the order listed. In all probability, an extensive wound of the chest would 
rapidly prove fatal to the patient, whereas an equally large wound of the abdomen 
would probably injure multiple organs and bring about an equally high case 
fatality rate (Table IX). In the regions of the buttocks and thigh, a wound 
would probably bring about a case fatality rate directly proportional to the ease 
or difficulty of hemorrhage control. 

When comparing regions of the body involved with case fatality rate, there 
appears to be a differential in the case fatality rates which has been unchanged 
during the different wars, even though the over-all case fatality rate has 
decreased. This rate may be related to blood loss because of injuries involving 
various regions of the body. However, it may be more closely related to the 
ease with which control of blood loss is brought about. For example, a simple 
laceration of an artery in the thigh is easier to control than in a wound where 
there is multiple, extensive soft-tissue damage in the same area. 

In some areas of the body, a higher incidence of complications may be 
expected owing to peculiarities of the specified region. In the abdomen, aside 
from blood loss, there is the grave complication of infection of the peritoneal 
cavity secondary to perforation of the gastrointestinal tract. In the ease of 
musele wounds of the thighs and buttocks, there is the ever-present danger of 
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myositis. In chest wounds, the location of the vital organs and major vessels, as 
well as complicating pulmonary function postoperatively, contributes to a 
higher case fatality rate for injuries in this area. 

Kach war presents a different set of circumstances, and this may reflect 
upon case fatality rates. Case fatality rates would be higher in a fast-moving 
war where casualty loads would be heavy. An increased case fatality rate would 
be reflected in this instance due to compromise of adequate preoperative and 
postoperative care because of the heavy patient load and the long hours of duty 
for surgeons, with subsequent loss of efficiency of personnel. On the other hand, 
in a long-drawn-out war, there may be better organization of the medical units, 
with improvement in patient care. Situations existing during the final eight 
months of the Korean conflict were almost ideal. The battle line was stable; 
control of the air was in friendly hands; and the hospital was situated close to 
the battlefront. The casualty load was not excessive in one site, and the surgeons 
were able to keep patients for a longer time in the postoperative period prior to 
evacuation. At no time was there need of compromising patient care because 
of lack of supplies or shortages of whole blood. 

The lower ease fatality rate in the Korean conflict may be ascribed to a 
number of factors: the shorter evacuation time, the administration of large 
quantities of resuscitative fluids preoperatively and during surgery, and the 
routine use of antibiotics. Undoubtedly all these factors contributed to a lower 
ease fatality rate. Although a shorter evacuation time permits the wounded to 
be treated soon after injury, a short evacuation time will tend to increase the 
over-all case fatality rate because the more severely wounded casualties will 
reach the surgical hospital. Because of the availability of helicopters for 
evacuation during the Korean conflict, no doubt many patients were admitted 
to surgical hospitals who ordinarily would not have survived. Consequently, 
more seriously wounded casualties were seen frequently in the forward surgical 
hospitals in Korea. The greatest single difference in the management of 
casualties in Korea appears to be the large quantities of blood administered 
throughout resuscitative periods. Beebe and De Bakey? stated that deaths from 
shock in the Fifth United States Army hospitals during World War II showed 
that, of 254 who died of shock following surgery, 210 (83 per cent) received 
no blood during or after surgery. Furthermore, 87 received no blood therapy 
prior to surgery. In the deaths that occurred during the period covered by the 
three-month survey, all patients who died postoperatively of either uncontrolled 
hemorrhage or shock had received more than 5 pints of blood in the first twenty- 
four hours following surgery.* 


SUMMARY 


Results of detailed study of evacuation, resuscitation, and case fatality rates 
at the 46th Surgical Hospital in Korea from May 1, 1953, to Aug. 1, 1953, have 
been reported. The average evacuation time from injury to admission was 3.6 
hours and from admission to surgery 3.0 hours. Casualties with extremity 
wounds requiring amputations received an average of 3,500 e.c. of blood in the 
first twenty-four hours following injury. Casualties with abdominal wounds, 
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thoracoabdominal wounds, thoracic wounds, and open fractures were given an 
average of 3,428 ¢.c., 2,867 ¢.c., 1,890 ¢.¢., and 926 ¢.c., respectively, during the 
first twenty-four hours following injury. The highest case fatality rates 
oceurred in those casualties with abdominal wounds, 9 deaths among 75 casualties 
(12 per cent); the lowest in those casualties with open fractures, 1 death among 
82 casualties (1.2 per cent). 

The over-all case fatality rate for 4,711 casualties admitted to the general 
surgical service over the period from Jan. 1, 1952, to Aug. 1, 1953, was 2.4 per 
cent. During this period, there were 402 casualties with abdominal wounds 
admitted to the hospital. There were 51 deaths, a case fatality rate of 12.7 
per cent. 

The most important single factor in the improvement in case fatality rates 
appears to be the greater amounts of blood given during resuscitation for our 
series than for those reported for World War II. 
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MODIFIED FLUID GELATIN IN COMBAT CASUALTIES 


Curtis P. Artz,* LIEUTENANT CoLONEL, MC, USA, JoHN M. Howarp, 
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(From the Surgical Research Team in Korea of the Army Medical Service Graduate School, 
United States Army) 


MMEDIATELY after World War II, the search was intensified for some 

type of macromolecular substance that could be given to maintain plasma 
volume expansion until whole blood was available. A complete review of the 
history and status of these plasma volume expanders was reported by Gropper, 
Raisz, and Amspacher’ in 1952. It appeared that dextran and modified fluid 
gelatin were safe compounds and effective plasma volume expanders. 

In the summer of 1952, Amspacher and Curreri* conducted an initial study 
on the use of dextran in combat casualties in Korea. After using approxi- 
mately 200 bottles in the treatment of sixty casualties, it was their impression 
that, although dextran was not a substitute for whole blood, it was a good 
plasma volume expander for use until blood was available. They found no 
toxic reactions. 

Further study appeared warranted for three basic reasons: (1) blood was 
seldom available at the most forward medical installations, (2) the incidence 
of hepatitis following the use of pooled plasma in Korea was almost prohibitive, 
and (3) experience was needed as a background for the use of blood substitutes 
in any possible atomic conflict or accident in the future. 

With this background, a broad metabolic and clinical investigation was 
undertaken during 1952-1953. During the last six months of the study, two 
infantry divisions used the plasma expanders almost exclusively. Additional 
experience was gained at the mobile army surgical hospital supporting these 
divisions. 

As a result of these studies, and based on broad recommendations of the 
National Research Council’s Subeommittees on Shock and on Sterilization of 
Whole Blood, pooled plasma was withdrawn from the medical installations in 
Korea and dextran and human serum albumin were used instead. As a result, 
during the last three months of the study, dextran and albumin were used 
almost exclusively for resuscitation forward of blood bank facilities. 

Studies of plasma volume expansion and the plasma retention and urinary 
excretion of dextran and modified fluid gelatin in the Korean casualties have 
previously been recorded.** It is the purpose of this report to summarize the 
clinical experiences in the use of 4,000 units (500 ¢.c.) of dextran and 200 units 
(500 ¢.c.) of gelatin in the anticipation that the experience may prove of value 
in the management of mass casualties in any possible future disaster. 





Received for publication Sept. 7, 1954. 
*Present address: Surgical Research Unit, Brooke Army Medical Center, Fort Sam 
Houston, Texas. 


612 





v olume 2 DEXTRAN, MODIFIED FLUID GELATIN FOR CASUALTIES 613 
Number ° 


DEXTRAN 


Approximately 4,000 units of dextran was administered to 2,000 casualties. 
Careful observations were made for the presence of allergic reactions. There 
was no evidence of urticaria, bronchospasm, or vasomotor instability. Three 
patients had a pulse rate of 160 per minute and a blood pressure of 160/100 
after the infusion of two units of dextran. These reactions seemed out of pro- 
portion to the anemia. They were transient and without apparent sequelae. 
Their etiology was uncertain. Therefore, it must be stated that no toxic reac- 
tions definitely attributable to dextran were encountered. An increased bleed- 
ing tendeney or oozing after the administration of dextran was not clinically 
appreciated although it was not specifically investigated. Many patients with 
extensive wounds lost blood by oozing into the dressing, but if this was exces- 
sive following administration of dextran, it was overlooked. 


PREPARATION, SHIPPING, AND STORAGE OF DEXTRAN* 


The dextran was bottled in units of 500 ¢.c. It withstood shipping well 
and no breakage was reported. Part of the study was earried out during the 
winter months. Neither freezing nor gelling was a problem as almost all the 
dextran was administered within a heated bunker or within the hospital. Freez- 
ing occurred during transportation without obvious evidence of damage. The 
dextran flowed freely and battalion surgeons gave as much as 1,500 ¢.e. within 
fifteen or twenty minutes. 


A total of 250 units of dextran in plastic bags was administered. The ship- 
ping weight per unit of dextran was one and one-half pounds in the bag and 
two and one-half pounds in the bottle. Only one bag was defective. It appeared 
that the plastic bag was ideal for use under conditions where dextran was gen- 
erally used, namely, at the division level. Manual pressure permitted rapid 
administration. The bag was universally accepted by medical officers in the 
more forward areas. It could be carried by the company aid man on patrol in 
pockets of fatigue clothes, thereby permitting plasma volume expansion almost 
immediately after a soldier was injured. 


EFFECTIVENESS OF DEXTRAN AS A RESUSCITATIVE AGENT AT THE DIVISION LEVEL 


Approximately 3,000 units of dextran was administered to 1,500 casualties 
at the division level. In most areas it was used routinely when support of the 
blood volume was required. Many of the patients to whom dextran was ad- 
ministered were severely hypotensive. Throughout the period of study, the 
average time of evacuation from injury to arrival at the hospital, at least on 
the eastern front, was three and one-half hours. Cooperating battalion surgeons 
found dextran to be nontoxic, easily administered, undamaged by freezing, and 
effective in producing prompt increase in blood pressure and urine flow. At the 
time of admission to the hospital the condition of patients to whom dextran had 
been given appeared comparable to the condition of those given like amounts 
of plasma or albumin. 


*Prepared by the Commercial Solvents Company, Terra Haute, Indiana. The average 
molecular weight of most of the dextran used in the clinical studies was 43,000 and 48,000. 
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CLINICAL OBSERVATIONS ON PATIENTS WHO RECEIVE DEXTRAN AT THE HOSPITAL 


Hemorrhage is obviously accompanied by loss of erythrocytes, and the oxy 
gen-carrying capacity of the circulation cannot be replaced by dextran. For 
this basic reason, the quantitative use of plasma volume expanders was limited. 
It was found, as demonstrated later, that the healthy young adult could usually 
withstand the loss of approximately 50 per cent of his erythrocytes without 
serious complications. A comparable loss of total circulating fluid, however, 
may be fatal unless it is corrected. Dextran proved to be effective in restoring 
this volume and in restoring blood pressure and supporting circulation if the 
loss of erythrocytes had not produced too serious a state of anemia. Many 
observations on the response of 150 carefully studied battle casualties have sup- 
ported these facts. During resuscitation, each unit of dextran will cause a fall 
of approximately 5 volumes per cent in the hematocrit. This resulted in part 
from bleeding and in part from pure hemodilution by the infused dextran. In 
general, it was found that a casualty with moderately severe injuries could tol- 
erate 2,000 c.c. of dextran prior to blood replacement without immediate, serious 
danger from anemia. 


Two thousand cubic centimeters was not an absolute limit in the face of 
continued hypotension, but beyond this limit the surgeon had to weigh carefully 
the hazards of acute anemia. A few patients who received more than 2,000 e.c. 
of dextran were maintained without blood for several days after the use of 
dextran as the sole supportive agent. The hematocrit of these patients fell to 


20 to 30 per cent. Very severely injured casualties (those sustaining excessive 
red cell loss) could not be maintained for more than a few hours without whole 
blood replacement. 


These observations were documented by experience of which the following 
were typical. Knowing from civilian experience that patients could withstand 
profound but gradually developing anemia, these observations were made in an 
effort to delineate the limits of dextran therapy against the possible day of 
atomic disaster when compromises in therapy, if previously considered, might 
be more judiciously planned. 


CasE 1.—This 22-year-old American soldier, height sixty-one inches, weight 173 pounds, 
had been in combat for the previous eight days. He was wounded at 11:30 a.m., Aug. 12, 
1952, by mortar shell fragments. His wounds included partial amputation of the left foot 
and approximately fifty small penetrating wounds of both lower extremities. After receiv- 
ing 100 c.c. of albumin, he was evacuated to the forward hospital via helicopter. At the time 
of arrival at the hospital, one hour after injury, his blood pressure was 120/78. He was 
warm, pale, dry, with fair capillary refilling. 

The foot was amputated and many of the wounds were débrided under spinal anesthesia. 
There was a drop in pressure with the onset of anesthesia. This was controlled by an intra- 
venous drip of Neo-Synephrine and by the rapid administration of dextran. Blood loss from 
the many sites of débridement was extensive. 

By the end of the operation 3,400 ¢.c. of dextran had been administered (Fig. 1). His 
hematocrit had fallen to 12 per cent and he was in respiratory distress for a few minutes. 
He was immediately given 3,000 c.c. of fresh, type-specific blood. His further course was 
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marked by fever (101° to 102° F.) and necrosis of the edges of the amputation stump. 
Secondary débridement was carried out on the fifth postoperative day under spinal anesthesia. 
Multiple transfusions of fresh, type-specific blood were given, but in spite of rising hematocrit 
and blood volume, his pallor remained quite marked. 


This study clearly demonstrated to the observers that if many casualties 
with injuries of this magnitude were resuscitated with dextran only, serious com- 
plications might be encountered. Although this patient’s subsequent course 
was reasonably smooth, and his hepatic, renal, and adrenal responses were not 
unusual,® 7 dextran therapy of this magnitude and at this rate is unsafe. De- 
layed débridement would probably prove safer than the use of dextran in this 
quantity, for this patient demonstrated acute symptoms of anoxia. 


THE USE OF DEXTRAN IN RESUSCITATION 
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Fig. 1.—Following the administration of 3,400 c.c. of dextran, the patient revealed signs 
of anoxia. Tachycardia was marked; the blood pressure essentially normal. The last fall in 
blood pressure probably reflected the rapid excretion of dextran. Although the dextran sup- 
ported the total blood volume, the rapidly falling hematocrit (12 per cent) probably reflected 
the limiting factor, the total mass of circulting erythrocytes. 


CasE 2.—This 22-year-old American soldier, weight 192 pounds, was wounded at 10:00 
P.M., Nov. 3, 1952. He arrived at the hospital via ambulance at 7:15 a.m. the following 
morning. His injury, from mortar and grenade fragments, included approximately fifty 
small penetrating wounds of all extremities in addition to fractures of the mandible and one 
metatarsal. 

At the time of admission, his blood pressure was 110/80, pulse rate 100 per minute. 
He was pale, cool, had slow capillary refilling and a pulse volume of low magnitude. His 
plasma volume was 3,470 c.c. (Evans blue dye method), blood volume 6,800 ¢.c. This repre- 
sented an estimated deficit of 14 per cent in the plasma volume. After 1,000 c.c. dextran, 
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operation was begun (12:00 mM.) under Pentothal, nitrous oxide, oxygen, and ether anesthesia. 
Débridement of thirty of the larger wounds required two hours and was associated with an 
uneventful course. A total of 2,000 ¢.c. dextran had been administered by 8:00 P.M, At this 
time his plasma volume was measured as 4,160 ¢.c., blood volume 5,940 c.c. Thus his opera 
tive blood loss had been replaced by dextran and the plasma volume deficit had been cor 
rected. 

The following day his pulse rate rose to 160 per minute, blood pressure fell to 105/70. 
A fifth pint of dextran resulted in a fall of the pulse to 130 per minute, the pressure rising 
to 120/80. Gradually thereafter, the tachycardia decreased although it remained 80 to 110 
per minute for ten days. 


THE USE OF DEXTRAN IN RESUSCITATION 
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Fig. 2 In contradistinction to Patient No. 1, the hematocrit in this patient did not fall below 


30 per cent during the period of the additional insult of anesthesia and débridement. 


Fifteen wounds were closed under local anesthesia on the sixth day and fifteen on the 
tenth day. Healing was progressing satisfactorily at the time of evacuation on the twelfth 
postoperative day. 

This patient tolerated well 2,000 c.c. of dextran during surgery. The dextran was 
given more slowly than to the preceding patient and his hematocrit did not fall below 30 
per cent during the period of operation and anesthesia. The following day, however, as 
the dextran was excreted, a marked tachycardia and slight hypotension developed. This was 
improved by increasing his blood volume by the administration of the fifth pint of dextran 
(Fig. 2). His subsequent course, including wound healing, was uneventful. Such a patient 
with extremity wounds, resuscitated with blood, characteristically demonstrated a progressive 
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fall in hematocrit over the ensuing week. The peaks in the hematocrit on November 5 and 
November 7 represented the result of the rapid excretion of dextran. Thereafter, continued 
hemodilution was noted. 


Under conditions where compromise in therapy becomes essential, such a pa- 
tient as this may reasonably be resuscitated with dextran only but this represents 
the maximal, safe limit of such therapy. Blood is unquestionably to be preferred. 


CasE 3.—This 20-year-old American soldier, weight 178 pounds, 5 feet, 9 inches tall, 
was wounded at 8:15 a.m., Aug. 15, 1952. The injury, inflicted by a land mine, consisted 
of a traumatic amputation of the right foot and multiple soft tissue wounds of the left thigh 
and leg. A tourniquet was immediately applied and he was given 15 mg. of morphine. 


THE USE OF DEXTRAN IN RESUSCITATION 
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Fig. 3.—Each 500 c.c. unit of dextran resulted in a fall in the hematocrit of five volumes 
per cent. 


On arrival at the hospital at 9:55 A.M., his blood pressure was 120/76, pulse rate 76, 
hematocrit 41 per cent. His skin was cool and pale. Capillary refilling was good. 

After 1,000 ¢.c. of dextran was administered, his blood pressure was 148/82, pulse 
84. Operation was then begun (11:15 a.m.) under Pentothal, nitrous oxide, oxygen, and 
ether. With induction, his pressure immediately dropped to 104/38, pulse 104 per minute. 
Bleeding was rather rapid during the amputation and his pressure dropped momentarily to 
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65/35, pulse rate 132 per minute. The hypotension was partially controlled by Neo-Synephrine. 
At this time (12:25 p.m.) he had received 2,500 ¢.c. of dextran and his hematocrit was 20 
per cent. As further hemodilution was considered unwise, he was then given 1,000 e.c. of 
fresh blood. At the end of operation (1:00 P.M.), his blood pressure was 96/48, pulse 132, 
hematocrit 21 per cent. Another 500 ¢.c. of blood was given. His subsequent course was 
smooth until a transfusion on the fourth day postoperative resulted in a hemolytic reaction. 

This man tolerated 2,500 ¢.c. of dextran fairly well. However, it was difficult to main- 
tain his pressure under the combined effects of spinal anesthesia, operative bleeding, and 
anemia. His subsequent course, as related to the dextran, seemed uneventful. His hepatie, 
renal, and adrenal responses were essentially those seen in patients resuscitated with fresh 
whole blood.6,7 The transfusion reaction on the fourth postoperative day was probably 
unrelated to the dextran therapy. The tachycardia slowly subsided as repeated transfusions 
resulted in an increase in the circulating red cell mass (Fig. 3). 


Had blood not been immediately available, interruption of the operation 
might have been necessary. 


The following report is a typical example of a casualty who was resuscitated 
with dextran only. 


CASE 4.—A 21-year-old American private was injured on April 7, 1953, at 9:00 P.M., 
when a 50-calibre machine gun missile perforated the left thigh, causing an open com 
minuted fracture of the left femur. Three hours later, he arrived at the surgical hospital 
with a blood pressure of 138/80, pulse 90, and a good dorsalis pedis pulse. Hematocrit was 
44 per cent. He was given 500 c.c. of dextran prior to operation. He lost approximately 
2,000 ¢.c. of blood during the operative procedure. A tremendous amount of tissue had been 
destroyed. It was necessary to explore the popliteal area and to do an extensive débridement 
with wide excisions on both sides of the lower extremity. He was given 3 additional units 
of dextran during the operative procedure. At one time, his blood pressure fell to 80/60 
and his pulse rate rose to 120. However, after the administration of the fourth unit of 
dextran, his blood pressure returned to normal. A few hours after operation, his hematocrit 
was 27.5 per cent, his urine output 60 ¢.c. per hour. Twelve hours after operation his hemato- 
crit was 28 per cent; on the second postoperative day it was 25 per cent. He appeared to 
be well except that he was pale and listless. His urinary output remained excellent. He 
received 1,000 ¢.c. of blood on the third and again on the fourth postoperative day. His 
hematocrit rose to 39 per cent and he was in good condition at the time of evacuation. 


This patient demonstrates that a large amount of tissue destruction together 
with the loss of approximately 2 L. of blood may be tolerated by a young man 
when supported with dextran. Although his hematocrit fell to a rather low 
level, he experienced no serious deleterious effects. 


Exeept in a few instances, whole blood was preferred in the management 
of most patients at the hospital level. Dextran was preferred as the colloid 
in the treatment of burns. Most patients with partial-thickness burns received 
chiefly dextran and very little blood. In the more extensive deep burns, the 
colloid requirements were usually fulfilled with a ratio of 1 unit of dextran 
to 1 unit of blood. 

Many patients who had abdominal wounds and required prolonged intra- 
abdominal operative procedures showed a rising hematocrit. The exact cause 
of this hemoconeentration is unknown, but it is believed to be a loss of fluid 
into lumen and wail of the gastrointestinal tract and into the peritoneal cavity. 
During operative procedures on massive wounds of the abdomen, it was the 
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experience of forward surgeons that this hemoconcentration could be corrected 
by using from 1 to 3 units of dextran in addition to blood. 

Ratio of Dextran to Blood —During the last few months of the Korean con- 
flict, thirty-five casualties were studied who received 1,000 ¢.c. or more of dextran 
in addition to blood. This was part of a clinical investigation in which dextran 
and blood were given in varying proportions in order to find a safe and practical 
ratio in the event that unlimited quantities of whole blood were not available. 
These casualties had wounds of various types, abdominal, abdominal-extremity, 
thoracoabdominal, chest, and extremity. All the patients did well. In a few 
instances it was necessary to give blood on the day following operation either 
because of a low hematocrit or because of a rapid pulse rate. 

Table I outlines the maximum amount of dextran given to the patients in 
each category. Several patients were observed who had a blood volume de- 
ficiency of 1,000 to 1,500 ¢.c.; these patients were completely resuscitated using 
only dextran. 


TABLE I. MAXIMUM DEXTRAN GIVEN IN VARIOUS CATEGORIES 








TOTAL COLLOID FIRST 
RATIO OF DEXTRAN TO 24 HOURS TOTAL DEXTRAN 
BLOOD (C.C.) (C.C.) 
a2} 4,500 2,500 
1:2 6,500 2,500 
1:3 11,000 3,000 
1:4 14,000 








From observations on these patients, it has been possible to outline a safe 


ratio of plasma expander to blood (Table II), to be used as a compromise when 
the supply of blood is limited. The patient’s postoperative hematocrit and pulse 
rate serve as indicators for the need of additional blood. 


TABLE II. ACCEPTABLE RATIO DEXTRAN TO BLOOD 








RESUSCITATIVE FLUIDS REQUIRED RATIO 
(C.C. ) 
1,000-1,500 Dextran alone 
1,500-4,000 1 dextran:1 blood 
4,000-7,000 1 dextran:2 blood 
Over 7,000 Maximum dextran 2,500 ¢.c.: Remainder blood 








MODIFIED FLUID GELATIN 


Two hundred units (500 ¢.c.) of modified fluid gelatin* was given to casual- 
ties. About one-half of this amount was given in the division area and the 
remainder in the surgical hospital. There was no evidence of toxicity and the 
gelatin flowed freely. Observations by medical officers in the division area re- 
vealed that gelatin was a clinically effective solution for supportive therapy 
until the patient reached an installation where blood was available. The usual 
quantity of gelatin administered was 1,000 or 1,500 ¢.c.; however, some patients 
received 3,000 ¢.c. On storage, the gelatin did not change color over a period 


: *Modified fluid gelatin in this study was 3 per cent in 0.7 per cent sodium chloride, Lot 
No. MFG-9, manufactured by the Research Department of the Charles D. Knox Gelatine 
Company, Inc., Camden, New Jersey, average molecular weight, 34,000. 
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of eight months. No data were available to determine whether or not freezine 
had any effect on the gelatin solution. It appeared that, under the condition 
in which gelatin was used, it was an effective plasma volume expander; howeve: 
it must be pointed out that the average period of evacuation was three and 
one-half hours. Gelatin in a small series of patients seemed to support thi 
circulation well for this period of time. 


DISCUSSION 


These experiences extend those of Amspacher and Curreri,? who pointed 
out that battle casualties having mild to moderate blood loss can be treated 
satisfactorily using only dextran, while those having more severe blood loss 
require whole blood. By administering dextran, many of the severely wounded 
sasualties can be maintained during first aid and transportation to the hos- 
pital. Haynes and DeBakey® demonstrated that patients who had lost about 
20 per cent of their blood volume could be treated successfully with saline solu- 
tion and dextran. Effective early resuscitation was achieved by dextran alone 
in patients with moderate shock or with blood volume deficiencies ranging from 
20 to 30 per cent, whereas dextran and blood were required in patients who 
lost more than 35 per cent of their blood volume. We are in general agreement 
with their conclusion, namely, that a hematocrit depressed by 25 per cent through 
administration of dextran probably represents the approximate lower limits of 
a safe level of diminished circulating red cell mass compatible with effective 
resuscitation. 

SUMMARY 

Observations were made on the administration of 4,000 bottles of dextran 
to 2,000 casualties during the latter part of the Korean conflict. No toxie reaec- 
tions were seen. <A bleeding tendency following the administration of dextran, 
although not investigated, was not noted. This plasma volume expander proved 
to be most satisfactory. Many forward hospital surgeons felt that it was supe- 
rior as an emergency solution to plasma or albumin. 


Patients who required 1,500 ¢.c. or less of resuscitative fluids could be satis- 
factorily restored with dextran alone. An acceptable ratio of dextran to blood 
was established for use when unlimited quantities of blood were not available. 


Observations were made on the administration of 200 units of modified 
fluid gelatin. The solution was nontoxie and did not gel. Although the molee- 
ular weight was low (average 34,000), the period of evacuation was only 
three and one-half hours and the circulation was supported for the required 
period. 
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LATE RESULTS OF INFERIOR VENA CAVA LIGATION 
Rauteu F. Bowers, M.D., AND SAMUEL M. Les, M.D., MEmMpuis, TENN. 


(From the General Surgical Service, Veterans Administration Medical Teaching 
Group Hospital, Memphis) 


anes of the inferior vena cava can be a lifesaving procedure when the 
site of thrombosis is located in the pelvis as well as the legs. Superficial 
femoral ligation will not safely prevent fatal outcome in the pelvic cases. The 
operation is technically easy, safe, fast, and definite in preventing fatal pul- 
monary emboli from thrombus formation in the pelvis and extremities. Mor- 
tality in experienced hands is largely associated with the lethal capacity of 
the condition for which the ligation is employed.* *° It cannot be used safely 
when conditions of the abdomen in the nature of intestinal obstruction or 
peritonitis coexist with phlebothrombosis. Extreme obesity adds greatly to 
the difficulty of the operation. However, the contraindications are not great 
in number, and vena cava ligation would be an acceptable procedure if the 
legs suffered no serious ill effects after the ligation. 

Experience dictates the favorable use of anticoagulants in many thrombo- 
embolie patients. © However, there are still many thrombotic patients who 
require permanent prevention of emboli, who must undergo operations not 
tolerated by the hemorrhaging tendency created by anticoagulant therapy, 
and who have blood dyscrasia, ulcerated lesions, or sensitivity to drugs. The 
time has not arrived, therefore, when no ligation is necessary in this condition. 

If ligation is necessarily desirable, the operator must choose between bi- 
lateral superficial femoral ligation and ligation of the vena cava. Ligation of 
the common femoral and iliae veins is attended with as many, if not more, 
deleterious effects than the cava ligation. Undoubtedly, superficial femoral 
ligation is safer, simpler, and can be performed under local anesthesia in most 
cases, but the site is often too low to assure prevention of emboli. It is diffi- 
cult to establish a rule, but clinical appraisal of the condition is really the only 
guide. 

It is not always necessary to perform cava ligation when the clot extends 
above the femoral division, because the size of the embolus may not be large 
enough for fatality. However, vasospasm and bronchospasm contribute heavily 
to the fatal episode, and it could well be argued that the size of the embolus 
does not parallel the mortality. Our experience reveals no fatal embolic out- 
come following superficial femoral ligations. 

Cava ligation is chosen at Kennedy Hospital if the height of thrombosis 
is regarded as uncontrollable by the lower ligation. It must be stated that 
eava ligation would be uniformly employed by us if the late sequelae could 
be avoided, except when the abdominal condition would not permit safe retro- 
peritoneal exposure of the vein, or where spinal or general anesthesia could 
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not be tolerated safely by the patient. If these sequelae are so disturbing, 
then it appears useful to document them as we have observed them in thirty- 
three vena cava ligations. The follow-up period ranges from one to seven 
years on the twenty-five surviving patients. 

As Table I indicates, besides prevention of pulmonary embolus, we have 
employed cava ligation prophylactically, in ascending thrombophlebitis, for 
phlegmasia cerulea dolens, and, experimentally, in a clinical attempt to pre- 
vent gangrene, major amputation, and hopeless ulceration. The rationale of 
therapy in phlegmasia cerulea dolens and experimental leg-saving assumes 
that the venous thrombosis and infection had imposed arterial and venous 
spasm, responsible for the gangrene in the first condition and ulcerations in 
the second. Miles’ has reported a single experience with phlegmasia cerulea 
dolens. The clinical experiment was a pilot study in four cases of patients 
whose legs were doomed and adjudged to be ready for amputation. Vena cava 
ligation created a favorable response in the involved leg, but ulceration oc- 
curred in the good leg. This discussion, for the sake of brevity, will refer to 
the involved leg as the ‘“‘bad’’ leg, and the normal leg as the ‘‘good’’ leg. The 
Leriche’s syndrome patient had, in addition to the aortic thrombosis, a dia- 
phragmatie hernia and chronic thrombophlebitis of the legs. The ligation was 
added to a diaphragmatic hernioplasty, ostensibly for prophylactic measures. 
This patient has done very well. 


TABLE I. INDICATIONS FOR VENA CAVA LIGATION (THIRTY-THREE CASES) 














INDICATION | NUMBER 
Pulmonary embolism 22 
Prophylaxis (at laparotomy)* 5 
Phlegmasia cerulea dolens 1 
Thrombophlebitis with gangrene 1 
Experimental leg-saving 4 

33 





*Leriche’s syndrome (one case). 


CLINICAL OBSERVATIONS 


Mortality.—There were five deaths in this series of thirty-three ligated pa- 
tients, a mortality rate of 15.2 per cent. Four deaths were unquestionably due 
to the original disease process. One death resulted from a technical error. 
Accidental hemorrhage induced the operator to attempt control by clamping. 
This clamp included the iliae artery, which resulted in gangrene of the leg 
and abdominal wall. The patient, a desperately ill, tuberculous man, died 
after amputation failed to stop the ravages of the gangrenous process. Dying 
condition of the patient with pulmonary embolus was responsible for three 
deaths. One death was due to hepatorenal syndrome (thrombophlebitis with 
pulmonary emboli in past, fourth operation for biliary tract obstruction). 


It appears, therefore, that the death rate for the procedure itself is low, 
and the sequelae and contraindications are the only reasons that the operation 
is not a uniformly accepted procedure. To support this statement, the follow- 
ing observations were noted: Edema, ulceration, and gangrene are the physi- 
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eal states which induce debilitation after the ligation. It is noted that thes 
may be present in varying degrees from the disease process itself. Leg pain 
and weakness are other symptoms, but have not caused real disability in ow 
patients. 

Edema.—All patients demonstrated edema after ligation of the vena cava 
Twenty experienced mild to moderate edema—the majority mild. We have 
not stressed the debility of postoperative edema, because if the edema is per- 
sistent and extensive, ulcers eventually appear. For brevity’s sake, then, 
uleer is the disabling sequel. Eighteen of the twenty-five patients demon- 
strated persistent edema—fourteen bilaterally, three in the bad leg only, and 
one in the good leg only. 

Ulcers.—Nine of the twenty-five patients who were followed demonstrated 
preoperative ulcers, all but one being unilateral ulceration. Postoperatively, 
eight of the nine ulcers in the bad leg disappeared for varying lengths of time 
(four to eleven months) but only two patients enjoyed permanent healing of 
the uleers. One patient’s uleer remained unchanged after the ligation. There- 
fore, six of the preoperative nine ulcer patients suffered recurrence of the 
uleer in the bad leg after operation. More distressing and of great importance 
is the fact that the good leg develops ulcers and edema at an alarming rate. 
This is obviously due to stasis thrombophlebitis, which results from the liga- 
tion. Fifteen ulcers appeared in the good leg in the twenty-four cases. The 
betterment of the ulcer condition in the bad leg is a source of curious interest. 
It denotes benefit from the ligation in certain cases, and was responsible for 
our decision to attempt ligation in desperate ulcerated cases (four) when leg 
amputation seemed necessary. The edema and ulceration in the bad leg were 
much improved, gangrene avoided, and amputation not required in three eases. 
The fourth, an arteriosclerotic patient with gangrene and thrombophlebitis, 
required amputation of a gangrenous toe and subsequent leg amputation at 
another hospital. The result in the bad leg is good enough to justify the pro- 
cedure, but the development of edema and ulcers in the good leg will not per- 
mit the operation except in desperate cases. The patient with the Leriche’s 
syndrome had bilateral chronic thrombophlebitis with extensive nonuleerated 
edema. Ligation was performed for prophylactic reasons, not for possible 
benefit of the arterial lesion. Edema was bettered after ligation, but a small 
uleer, controlled by elastic bandage, appeared on the right leg. This improve- 
ment has astounded all competent observers. This case (Leriche’s syn- 
drome), along with the bad-leg improvement noted in other cases, suggests 
that vena eava ligation may be indicated in patients who have extensive bi- 
lateral disease. 


TABLE IT 





- PREOPERATIVE ULCERS | sé POSTLIGATION ULCERS 
Bad leg Bad leg only 
Good leg Good leg only 
Bilateral 1 Bilateral 
None 
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Two patients with extensive bilateral thrombophlebitis received excellent 
results in both legs—mild, intermittent edema with no ulcers. 

Gangrene.—Gangrene developed in two patients after cava ligation. One 
was the technical error case. The second patient presented a condition simi- 
lar to thrombophlebitis cerulea dolens, except his disease process lacked the 
rapidity and shock phase often seen in this condition. Extreme deep thrombo- 
phlebitis and phlebothrombosis appeared after simple saphenous ligation for 
varicose veins, although he had complained of mild leg pain for eight or nine 
years. The condition more closely resembles thrombophlebitis with gangrene 
as described by De Bakey and Ochsner. Anticoagulant therapy was instituted 
but failed to control the edema, cyanosis, or the threatened gangrene. Vena 
eava ligation was followed by improvement in the bad leg, but the good leg 
rapidly developed gangrene for which mid-thigh amputation was necessary. 
Further studies indicate that this case may be one of Buerger’s disease (all 
leg pulses are absent) with a diathesis for abnormal blood clotting. Continu- 
ous anticoagulant therapy is necessary to control the thrombosing tendency 
in the leg veins as well as veins of the upper extremity. De Bakey and Ochs- 
ner reported a rather high incidence of gangrene and amputations in this 
condition. It may be stated that gangrene has not frequently occurred after 
cava ligation. In our hands, one technical error case and one thrombophlebi- 
tis with gangrene in a Buerger’s disease patient are the only patients who have 
developed gangrene of sufficient extent to require major amputation. 

Rehabilitation—Although most of the operations were performed on 
dangerously ill patients, and compromise of their locomotion would not neces- 
sarily contraindicate the procedure, the ability of these patients to work and 
lead happy lives is important. 

Six have good, nine have fair, and seven poor locomotion. Fifteen patients 
enjoy normal or slightly below normal activities. Activities are lessened in 
seven patients, and three are invalids. These three patients received amputa- 
tions. 

Economically, nine are normal or near normal. Eight patients received 
lowered incomes because of their disability, but seventeen of the twenty-four 
are earning a living. Eight patients are pensioned or forced to retire. This 
record does not seem poor, when one considers that the conditions for which 
operations were employed may well be classified in the group of death-dealing 
(liseases., 

DISCUSSION 


As our experience increased, it became obvious that the prophylactic 
ligation and ligation for leg-saving, except when the condition is bilateral, were 
not accomplishing benefit to the patient commensurate to the degree of debility 
which follows the operation. The hepatorenal syndrome death was possibly 
due to the disease condition of the liver, biliary tract, and kidney, although 
it is noted that the ligation may have contributed greatly to this fatal eom- 
plication. Superficial femoral ligation and/or anticoagulant therapy are rap- 
idly advancing as safe prophylactic measures in many cases. Consequently 
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we have abandoned the procedure as a prophylactic measure and for leg-saving 
except when both legs are extensively involved in the thrombophlebitie an 
phlebothrombotie process. Otherwise, we have not altered the indications. 

It should be statutory to comment about the postligation treatment, whic! 
certain authors believe to be so important in the control of edema, ulceration, 
skin changes, pain, weakness, and the resulting disability. We do not present 
the observation in detail because this paper is not primarily concerned with 
this postoperative management. The observations have been carefully made 
and from them we may conclude: 


1. Moderate walking versus sitting posture: Moderate walking is defi- 
nitely helpful, as it tends to ‘‘milk’’ the static venous blood toward a better 
return. There is a point of decompensation, however, when walking is in- 
creased above the moderate amount. Patient trial and experience along with 
sane advice from the physician is the plan producing the best estimation of 
this amount of exercise. 

2. Elevation of feet while sleeping aids by permitting the tissues to return 
to a near normal state intermittently. 

3. Wearing a properly adjusted elastic bandage offers the greatest bene- 
fit of any single measure. The bandage is preferably worn continually ex- 
eept when the patient reclines for relaxation, occasional napping, or sleep. 
The small ulcer in the Leriche’s syndrome ease is perfectly controlled by the 
aid of this bandage. 

4. Lumbar sympathectomy is often performed on the right side at the 
time of eava ligation. Our observations do not reveal that benefit has been 
gained from sympathectomy at the time of ligation. However, sympathec- 
tomy at a later time, when the circulatory deficient changes are at consider- 
able height, has proved to be of definite benefit in approximately 50 per cent of 
our eases. Perfect legs from sympathectomy have not been obtained by us. 

Fatal emboli have been stopped, the thrombophlebitie process in the bad 
leg is often bettered, prophylaxis has been obtained with questionable danger, 
and ascending thrombophlebitis has been checked. There is no question that 
the operation offers advantages that allow great benefit to the patient. Burch 
and Winsor? and Ray and Burch’ have studied physiologic responses after 
ligation. They stated that collateral circulation is adequate and believe that 
little or no difficulty follows the ligation. Moses* believes that the sequelae 
are due to the disease process rather than the operation. Madden® remarked 
that ‘‘edema was always greater in the uninvolved extremity.’’ Only one of 
his eighteen patients demonstrated edema. Uleer formation is not mentioned. 
Our observations more nearly approach the Shea and Robertson" experience. 

We are quite certain that any increase in edema, ulceration, pain, and 
weakness is the result of the ligation, and is not caused by the disease for 
which the operation was performed. 

One ean accept the involvement of the good leg after cava ligation with 
proper physiologic conscience. It is thrombophlebitis, created by the re- 
sultant stasis, which has been known for years by surgeons who, for one 
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reason or another, have ligated the vena cava, iliac or common femoral veins. 
This extremity, therefore, is subjected to all phases observed in thrombo- 
phlebitis except embolism, which, of course, is prevented by the ligation. 

It is believed that many surgeons have experienced the undesirable se- 
quelae we report, but have not formally documented these experiences. One 
gains this idea from conversations with surgeons concerning vena cava liga- 
tion. Shea and Robertson" reported undesirable sequelae, and our report 
substantiates their findings, but more understandably, the greater number who 
report no sequelae may be those few surgeons who have been fortunate enough 
to observe no deleterious effects. It must also be noted that ulcerations, ab- 
sent in the first few postoperative years, may and do develop sometimes after 
many years. Long follow-up is necessary. The majority of our patients have 
been observed five years or more. 

The improvement in the bad leg has been definite in all our eases. To be 
sure, it is more marked in some than in others, but it is not unusual to observe 
permanent decrease of edema in most of the cases and a betterment of the 
uleer aspect. Two ulcers in the bad leg disappeared permanently after cava 
ligation. It is a source of wonderment to us why other workers have not re- 
ported this improvement, because it is real and gratifying. Much thought 
has ben given to the physiologic reason for this improvement, but no satis- 
faetory answer has been found. 


SUMMARY 


1. Vena eava ligation will prevent fatal emboli, has satisfactorily been 
used prophylactically, has prevented extension of ascending phlebitis, cor- 
rected one case of thrombophlebitis cerulea dolens, and saved three patients 
from certain major amputation. 

2. These benefits are gained with the development of undesirable sequelae 
in the form of edema, ulceration, leg pain, weakness, and occasional gangrene 
formation in many patients. 

3. Improvement of the thrombophlebitic condition is noted in the bad 
leg, but the good leg becomes involved with thrombophlebitis at an alarming 
rate. Preoperative bilateral disease responds with less sequelae than the uni- 
lateral. 

4. Postoperative care is important. Anticoagulant therapy and elastic 
bandage offer the most help. Freedom from the sequelae is not necessarily 
noted in patients who obey all postoperative instruction. 


5. Any inerease in edema, ulceration, leg pain, or weakness after the 
ligation results from the operation and not from the disease process itself. 


CONCLUSION 


This study strongly suggests that the sequelae following vena cava liga- 
tion are seldom dangerous, but are undesirable. Unless our experience is a 
unique one, the previously mentioned observations suggest that vena cava 
ligation should be employed only after carefully weighing the benefits against 
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possibility of undesirable sequelae in approximately 66 per cent of the 


operated patients. 
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FAILURE OF SODIUM DEHYDROCHOLATE TO PROTECT 
AGAINST HEMORRHAGE 


W. Sterting Epwarps, M.D., anp Cartos R. LomBarpo, B.S., 
BIRMINGHAM, ALA. 


(From the Department of Surgery, Medical College of Alabama) 


N ANY large-scale disaster, atomic or otherwise, the problem of emergency 
management of shock arises. The use of preserved plasma or plasma ex- 
panders until whole blood becomes available is an important advance. <A search 
has been undertaken for substances to add to these plasma expanders which 
would make them more effective in preventing shock which is irreversible to 
blood transfusion. Hay’ has reported a considerable reduction in mortality in 
dogs in hemorrhagic shock by the use of intravenous sodium dehydrocholate. 
This particular substance was chosen since it was shown by Schwiegk? and 
Grodins and associates* that sodium dehydrocholate caused an increase in blood 
flow to the liver. 
Hay’s work seemed so important to us that we planned to repeat it and 
extend it if possible to the point of checking the effectiveness of such a sub- 
stance combined with plasma expanders. 


METHOD 


Forty mongrel dogs were anesthetized with sodium pentobarbital (30 mg. 
per kilogram) intravenously and heparinized (0.4 mg. per kilogram). A fem- 
oral artery from one groin and a femoral vein from the other groin were can- 
nulated. Hemorrhagic shock was induced in one group of animals by the same 
procedure as used by Hay. The dogs were bled until the arterial pressure 
reached 30 mm. Hg. Numerous transfusions and withdrawals of blood were 
necessary to maintain this pressure constant. Two transfusions of 25 ¢.c. each, 
required within twenty minutes, to maintain the systolic pressure at 30 mm. Hg 
were used as the criterion of irreversibility of shock. Before retransfusion of 
the remaining blood the blood pressure was allowed to fall below 30 mm. Hg 
after the second 25 ¢.c. transfusion. In another group of animals the Wiggers 
graded bleeding technique was used.* Dogs were bled until the arterial pressure 
reached 50 mm. Hg. This pressure was maintained for ninety minutes. Addi- 
tional blood was then withdrawn until arterial pressure reached 30 mm. Hg. 
This pressure was kept constant for forty-five minutes. All remaining blood 
was retransfused at the end of this period. In several animals portal venous 
pressures were measured. A midline abdominal incision was made and the 
portal vein was cannulated via the splenic vein by inserting a cannula to its 
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junction with the portal vein. Portal venous pressure was recorded by a wate 
manometer. A forty-eight-hour survival was taken as complete recovery from 
shock. 

Aseptic technique was not followed, but instruments, glassware, and can 
nulas were clean, and blood was handled with precaution. All experiments were 
carried out in an air-conditioned laboratory maintained at 73° F. Sodium 
dehydrocholate was given by intravenous drip at the rate of 1.25 ¢.c. every ten 
minutes or 0.250 Gm. as described by Hay. In the other group of animals, 
utilizing the Wiggers technique, 20 ¢.c. of a 20 per cent solution of sodium de- 
hydrocholate diluted in 150 ¢.c. saline solution was administered intravenously. 
A constant drip of 1 ¢.c. per minute was maintained throughout the hemorrhagic 
period (135 minutes) so that in each series the same procedure was followed 
except that saline solution was used rather than sodium dehydrocholate. 


RESULTS 

As shown in Table I, there was a survival of only one dog out of ten in 
the series treated with sodium dehydrocholate as compared with no survivals 
in a similar untreated control group. This is not a significant difference. In 
addition it should be noted that the one surviving animal developed hind-leg 
paralysis and died shortly after the forty-eight-hour time limit so that he too 
was irreversibly impaired by the effects of hemorrhage. 


TABLE I. Hay’s TECHNIQUE OF HEMORRHAGIC SHOCK 








MAXIMAL 

BLEEDING 
CONTROL | POSTTRANS- MAXIMAL VOLUME 
BLOOD | FUSION BLOOD | BLEEDING (C.c./KG. 48-HOUR 
ANIMAL WEIGHT PRESSURES | PRESSURES VOLUME | BODY- SURVIVAL 
NUMBER (KG. ) (MM./HG) | (MM./HG) (¢.0.) WEIGHT ) (+ OR —) 


Experiment I (Control Series) 


90 124 530 40.0 
116 60 590 68.0 
124 120 795 50.0 
126 110 990 55.0 
110 132 530 51.0 
88 60 675 56.0 
120 120 550 48.0 
130 100 500 58.0 
106 112 680 53.0 
120 82 620 52.0 
Average — 100% 
53 Mortality 





Experiment II (Sodium Dehydrocholate) 

124 80 250 30.0 

136 125 575 44.0 

156 80 610 41.0 

110 60 270 26.0 

130 80 390 49.0 

140 88 865 67.0 

140 150 940 55.0 —Paralysis 
110 104 415 33.0 - 
116 184 655 56.0 - 
116 82 330 38.0 - 

Average = 90% 

43 Mortality 
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As shown in Table II, using the Wiggers hemorrhagic technique there again 
was 100 per cent mortality in the untreated controls and one survival in the 
treated group. 


TABLE II. WIGGERS’ TECHNIQUE OF HEMORRHAGIC SHOCK 








MAXIMAL 
BLEEDING 
CONTROL POSTTRANS- MAXIMAL VOLUME 
BLOOD FUSION BLOOD | BLEEDING (C.c./KG. 48-HOUR 
ANIMAL WEIGHT PRESSURES | PRESSURES VOLUME BODY- SURVIVAL 
NUMBER (KG. ) | (MM./HG) (MM./HG) (C.C.) WEIGHT ) (+ OR —) 


Experiment III (Control Series) 

126 122 530 48.0 

106 126 —700 60.0 

104 120 400 48.0 

112 70 325 42.0 

120 90 680 51.0 

140 80 545 55.0 

122 100 340 44.0 

180 100 670 47.0 

116 120 970 60.0 - 
100 40 350 35.0 - 


ee a Average — Mortality 
49 100% 
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Experiment IV (Sodiwm Dehydrocholate) 
120 40 692 
130 120 730 
140 100 640 
168 140 575 
160 70 720 
146 100 725 
125 95 545 
140 102 175 
120 56 425 
150 96 442 54.0 = 
Average = Mortality 
49 90% 
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There was little difference in the maximum bleeding volume per kilogram 
of body weight of the control or experimental groups using either method. 
Therefore, it seems that the two methods are comparable in the severity of 
hemorrhage necessary to produce irreversibility. 


Portal pressure measurements were taken on a small series of treated and 
untreated animals not included in the survival groups. With or without sodium 
dehydrocholate, portal pressure rose after hemorrhage and attained very high 
levels after reinfusion, with treatment apparently having little influence. 


DISCUSSION 


Our results showing no increase in survival using sodium dehydrocholate 
are in direct contrast to the results of Hay. The explanation of the different 
results obtained is not apparent to us, but several possibilities exist. The tech- 
nique used by Hay is subject to individual interpretation as to when the animal 
should be eonsidered in irreversible shock, as we have found in our own ex- 
perience with it. This is why we have used a second technique, that of Wiggers, 
whieh is less susceptible to variation since definite time and blood pressure levels 
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are used to determine the state of irreversibility. We note that Hay used 
Pentothal sodium anesthesia, which gives widely varying depths of anesthesis 
and which is known to effect shock mortality. Another surprising finding ii 
the work of Hay was that the fatality rate after combined hemorrhage and 
trauma in the treated animals was lower (16.6 per cent) than after hemorrhag: 
alone (23.3 per cent). 

The interpretation of Schwiegk? and Grodins*® that sodium dehydrocholate 
increased liver flow was based on flow determinations using the thermostromuhr, 
an instrument which has since been shown to be unreliable.° Our portal venous 
pressure studies indicate that sodium dehydrocholate at least does little to pre 
vent the increased resistance to portal flow that has been previously deseribed 
and studied by Wiggers® and Selkurt’ and their associates. 


SUMMARY 


Because of the possible therapeutic importance of any substance which could | 
prolong survival after hemorrhage until blood could be replaced, the reported 
inereased survival after sodium dehydrocholate seemed important. 

Our experiments using two different types of controlled hemorrhage failed 
to reveal any significant differences in survival with the use of this bile salt. 
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A SAFE INEXPENSIVE X-RAY AND FLUOROSCOPIC TABLE FOR 
THE DOG LABORATORY* 


BERNARD FiIsHEeR, M.D., CLEm Russ, PH.D., Ropert SELKER, B.S., 
AND JOSEPH NECHAJ, PITTSBURGH, PA. 
(From the Department of Surgery, Section on Surgical Research, and the Addison H. Gibson 
Laboratory, University of Pittsburgh) 
HE need for fluoroscopy and x-ray examination is increasing in the ex- 


perimental laboratory because of the frequent use of properly placed radi- 
opaque catheters in liver, heart, pulmonary artery, aorta, portal system, and 











Pig. 1. 


so forth, for the purpose of obtaining angiograms, blood flow estimations, 
‘ardiaec output, and other quantitative data regarding the blood vascular sys- 
tem. Often the personnel using this equipment are not sufficiently trained or 
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Voluase $7 X-RAY, FLUOROSCOPIC TABLE FOR DOG LABORATORY 637° 
are careless to the dangers involved, that is, excessive irradiation. To elim- 
inate this hazard and to provide a simple roentgen table that may be used for 
fluoroscopy and serial x-ray examination need not involve elaborate expensive 
equipment. 

The following is a description of such a table built in our own labora- 
tory for approximately $50 (Fig. 1), exclusive of the x-ray machine. 

Any portable wooden laboratory table similar to the one used by us may 
be converted to this need. The table top is raised from its frame by means of 
l-inch wood filler. This permits the placing of two steel 1-inch by 1-inch angles 
as indicated in the diagram (Fig. 2). These serve as tracks upon which ordi- 
nary cassettes holding 10-inch by 12-inch x-ray films may be rapidly inserted. 
The table top is covered with 4¢-inch lead sheeting extended and bent beyond 
the four sides to form an apron. A 1-foot, 2-inch by 11-inch aperture is made 
to accommodate the cassette and to permit passage of x-ray when the roentgen 
tube is placed beneath the table top for fluoroscopy. The bottom sides of the 
table are skirted with similar thickness lead sheeting leaving a 1-foot opening 
for fluoroscopic tube insertion at the front of the table. In effect, one has a 
lead-lined box with an opening over which the part of the animal to be ex- 
amined is placed. 

If fluoroscopic examination is desired, the tube is directed up from below 
the table top and a lead-glass screen approximately the same size as the table- 
top aperture is placed over the animal. To test the safety of the fluoroscopy,* 
systematic repeated measurements of irradiation were made using a Landsverk 
Model L-60 Charger Reader and Model L-65-200 M R (milliroentgen) pocket 
chambers. The chambers were placed at positions shown in Fig. 3, and were 
tested under actual conditions of fluoroscopy with a dog on the table. At A, 
directly on the sereen, there were approximately 5 M R per five minutes. At 
B, C, D, and E positions above and to the side of the screen there was no ap- 
preciable reading per five minutes. Readings around the table were constantly 
zero, except at the side of the table left open to admit the tube. Here suf- 
ficient irradiation is emitted to prohibit standing directly in front of the open- 
ing. 

Single or serial x-ray pictures may be taken with the tube placed above 
the table and cassettes in proper position in the track beneath the table top. 
Adjustment of kilovolts, milliamps, and time naturally depends on the nature 
of the picture to be obtained. It has been possible to make serial pictures as 
rapidly as one can push the cassettes through the track. Several aortagrams, 
exposing three pictures in succession, have been made by us with excellent 
results. 

It is thus felt that this table, although extremely simple in design, and in- 
expensive to construct, will suit the purpose of providing safety to the un- 
trained and sometimes careless personnel in the animal laboratory. 


*Continental X-Ray Corporation, Model GRA with 20-80 Tubehead. 





Case Reports 








ANNULAR PANCREAS IN INFANTS AND CHILDREN 
A Case REPORT 
J. L. FARRINGER, JR., M.D., NASHVILLE, TENN. 


(From the Department of Surgery of the University of Tennessee College of Medicine 
and the John Gaston Hospital) 


NNULAR pancreas in infants and children which has produced duodenal 

obstruction and required surgical treatment has been reported infrequently. 
Thirteen such reports have been found in the literature. It is believed that the 
condition is probably much more frequent than would be indicated from this 
paucity of reports on the subject. Many infants have probably been operated 
upon because of duodenal obstruction secondary to annular pancreas without 
the true etiological factor being recognized. 

Annular pancreas has been found to be a cause of duodenal obstruction in 
individuals of all age groups. It has been reported in a 3-day-old infant'* and 
also in a man 74 years old.’ It is interesting that a majority of the reported 
cases have been in adults. 

The anatomic abnormality consists of a band of pancreatic tissue which 
arises from the head of the pancreas and completely encircles the second portion 
of the duodenum. The embryologice development of this structure has been eare- 
fully studied by McNaught. McNaught’ called attention to the separate duct 
system, and this tends to confirm the opinion held by most authors interested in 
the problem that the annulus arises from the ventral anlage. 

The exact diagnosis has been made preoperatively rather infrequently in 
the eases which have been reported. The signs and symptoms of a high in- 
testinal obstruction are unmistakable in these children; however, the deter- 
mination of the exact cause and location of the obstruction has been more difficult. 
Dr. David 8. Carroll of our Department of Radiology believes that the diagnosis 
ean be made consistently by roentgenograms taken both before and after the 
instillation of a radiopaque substance into the stomach. Of the five cases which 
have been reported from this department, three by Wilson and Bushart'® and 
the two herein listed for the first time, the last four have been correctly 
diagnosed before operation. Furthermore, in the two-year period during which 
these four cases were seen we have not received any other reports of ‘‘annular 
pancreas’’ from the radiology department. 

The surgical treatment used in the reported cases has in some instances 
been a by-passing type of operation, while in others a direct attack on the 
annulus has been made. The duodenojejunostomy by-passing procedure ap- 

Received for publication May 4, 1954. 
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TABLE I. INFANTS AND CHILDREN WITH ANNULAR PANCREAS TREATED BY OPERATION 








AGE AND l 
CASE REPORTED BY SEX OPERATION RESULT REMARKS 
1 Vidal Male Posterior gastro- Cure Had congenital 
1905 3 days enterostomy atresia of duo- 
denum 





Gross and Chisholm Female Posterior duodeno- Cure 
1944 3 days jejunostomy 
Burger and Alrich Female Partial resection of Died 
1949 4 days ring Heineke- 
Mikulicz 
Ravitch and Woods Male Gastroduodenostomy Cure 
1950 8 days 
Ravitch and Woods Female Duodenojejunostomy Cure 
1950 3 days 
Haden Male Partial resection of Cure 
1950 3% yr. ring 
Shapiro et al. Female Duodenojejunostomy Cure 
1952 3 days 
Shapiro et al. Male Duodenojejunostomy Cure 
1952 17 days 
Shapiro et al. Female Gastroduodenostomy Cure 
1952 3 days 
Shapiro et al. Male Duodenoduodenos- Died Bronchial obstruc- 
1952 10 days tomy tion 11 days post- 
operative 
Wilson and Bushart Male Posterior gastro- Cure 
1952 1 mo. jejunostomy 
Wilson and Bushart Male Duodenojejunostomy Cure 
1952 20 mo. 
Wilson and Bushart Male Duodenojejunostomy Died Aspiration pneu- 
1952 5 days monia 
Farringer Female Duodenojejunostomy Cure 
1954 19 days 
Dunavant Male Duodenojejunostomy Cure 
1954 5 days 





pears to be the most satisfactory method of surgical treatment. Excision of the 
annulus has at times been followed by fistula or by acute pancreatitis, and 
occasionally by a failure to relieve the obstruction. 


CASE REPORT 


V. L. S., a Negro female, was born in the John Gaston Hospital on Oct. 10, 1953. The 
delivery was an outlet forceps delivery with episiotomy. The cry was spontaneous, and the 
child was considered to be at full term. The birth weight was 74% pounds. Nothing abnormal 
was noted in the child’s condition, and she was discharged home on the fourth day of life. 
On Nov. 19, 1953, at the age of 17 days, she was admitted to the Pediatric Service with a 
history of vomiting since being discharged from the hospital. The mother reported that the 
child did not vomit immediately after being fed, but the vomiting, which was not projectile, 
occurred from thirty minutes to one hour after feeding. The child had been on breast 
feeding. No blood or bile had been seen in the vomitus. 

Physical examination revealed a markedly dehydrated, mainourished infant who was 
quite listless. The temperature on admission was 100.4° F., and the weight was 5 pounds, 
6 ounces. The remainder of the physical examination was not significant. The admission 
laboratory work showed: hemoglobin 16.0 Gm. (dehydration); white cell count 11,700; 
differential cell count: segmented neutrophils 46 per cent; lymphocytes 51 per cent; mono- 
cytes 3 per cent. The significant laboratory findings on admission were in the blood 
chemistry determination. The carbon dioxide-combining power of the plasma was 42 meq., 
and the serum chloride (as sodium chloride) determination was 72 meq. 
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Intravenous infusions and hypodermoclysis were started at once to correct the fluid 
deficit and the electrolyte imbalance. The child vomited several times during the first 


eighteen hours after admission. On the morning of Nov. 20, 1953, about twenty hours after 
showed a 


admission roentgen-ray examination was made. The flat film of the abdomen 
greatly dilated stomach and first portion of the duodenum with a small amount of gas in 


Fig. 1—The marked dilatation of the stomach and of the first portion of the duodenum 
is indicative of an obstruction of the second portion of the duodenum. The presence of small 
amounts of gas in the small intestine indicates that the obstruction is incomplete and there- 
fore not an atresia or a congenital diaphragm. In malrotation of the intestines the obstruction 
is lower in the duodenum. 


Fig. 2.—The dilatation of the stomach and duodenum is even more marked at the time 
of operation than it appeared to be on the roentgen examination. The dilated duodenum can 
be distinguished from the stomach only by the somewhat narrow ring at the pyloric sphincter. 
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the small intestines. A small plastic tube was passed into the stomach and radiopaque oil 
was instilled. This revealed an obstruction in the second portion of the duodenum with 
marked dilatation of the duodenal cap (Fig. 1). The diagnosis* was obstruction of the 
duodenum due to annular pancreas. On the afternoon of Nov. 21, 1953, when the fluid 
volume had been restored and the blood chemistry determinations were within normal limits, 
the patient was operated upon under open drop ether anesthesia. The stomach and duodenal 
cap were enormously dilated, as can be seen in Fig. 2. An aberrant section of pancreatic 
tissue was found to surround the second portion of the duodenum, producing nearly complete 
obstruction at this point. The hemostat in Fig. 3 points to this pancreatic tissue. A posterior 
duodenojejunostomy was performed through an avascular area in the transverse mesocolon 
after the rent in the mesocolon was sutured to the duodenum. Suction siphonage on a gastric 
tube was continued for twenty-four hours after surgery, at which time the tube was removed, 
but oral feedings were not started until forty-eight hours after surgery, at which time 
glucose water only was given. Eight hours later it was necessary to reinsert the gastric 
tube and institute suction. This was continued for twelve hours, after which the tube was 
again removed, glucose water started by mouth, and increased in twenty-four hours to a milk 
formula. After this, improvement was steady, and the child was discharged on the thirteenth 
postoperative day weighing 6 pounds, 1 ounce. 
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Fig. 3.—This shows the location of the constricting annulus of pancreas and also demonstrates 
the ease with which a posterior duodenojejunostomy can be performed. 


DISCUSSION 
Of the fifteen cases reported in children, thirteen have had an anastomosis 
made around the constricting ring of pancreas. One of the two patients in 
whom resection of the ring was undertaken died. Both of the other two deaths 


were due to pulmonary complications and did not appear to have been the 
result of the surgery. Of the by-passing procedures that have been reported, 


*Reported by Dr. David S. Carroll, our radiologist. 
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the duodenoduodenostomy reported by Shapiro would seem to disturb thi 
normal physiology the least. However, in the eases we have seen it would hay: 
been technically more difficult than a duodenojejunostomy. A gastrojejunostom) 
probably is the easiest of the procedures to perform from a technical standpoint, 
but this carries the danger of the development of a stomal ulcer. The major 
contraindications to a direct attack on the pancreatic ring would appear to be 
the danger of recurrence of the obstruction and the danger of development of a 
pancreatic fistula. 


SUMMARY 


1. Thirteen collected cases of annular pancreas in infants and children 
which have been treated surgically are listed. 

2. An additional case of annular pancreas in a newborn infant treated 
successfully by duodenojejunostomy is presented. 

3. The various forms of surgical treatment are briefly discussed. 
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MACROGLOSSIA IN PRIMARY AMYLOIDOSIS 


WiuuiAM 8. CaupELL, M.D.,* CINCINNATI, OHIO, AND 
YurTakKa K. Yosuipa, M.D.,** Dayton, OHIO 


ACROGLOSSIA in an unusual and striking clinical finding and the 

diseases with which it is associated are infrequently encountered. 
Among the listed causes are myxedema, acromegaly, glycogenosis, lym- 
phangioma, hemangioma, congenital muscular hypertrophy, and primary amy- 
loidosis. In describing amyloid disease, most authors have reverted to the 
simple clinicopathologic classification of Reimann, Koucky, and Eklund: 
primary amyloidosis, secondary amyloidosis, tumor-forming amyloidosis, and 
amyloidosis associated with multiple myeloma. 

The primary form is characterized by (1) involvement of mesodermal 
tissue, the cardiovascular system, the gastrointestinal tract, smooth and 
striated muscle, and lymph nodes; (2) absence of massive involvement of 
organs usually affected in the secondary form; (3) absence of antecedent or 
concurrent disease; (4) formation of nodular masses of amyloid; and (5) 
depositions of amyloid which show atypical staining reactions. 

Primary amyloidosis is a rather rare disease of unknown cause. Up to 
1953 approximately seventy-five cases have been reported. The tongue has 
been involved in about one-third of the recorded cases. Of twenty-four cases 
collected from the literature in 1938 by Koletsky and Stecher, eighteen 
showed lesions of the tongue. In 1945, Lindsay and Knorp collected sixteen 
additional cases of primary amyloidosis, and the tongue was involved in only 
one. In 1949 Rigdon and Noblin published a report of a case of macroglossia 
accompanying primary systemic amyloidosis. Ensign reported a similar case 
in 1952. 

The secondary form of amyloidosis, which is more common, follows 
chronic inflammatory disease, and extensively involves the liver, spleen, 
kidneys, and adrenal glands. 

The purpose of the present report is to record an additional ease of 
primary amyloidosis in which extensive, diffuse, amyloid infiltration of the 
tongue produced macroglossia. A review of the available literature indicates 
that this ease represents the first instance in which surgical correction has 
been successful. 

CASE REPORT 
O. M., a 59-year-old white man, was admitted July 14, 1953, with the chief complaint 


of drooling. Three years previously he first noted enlargement of the tongue. As the 
tongue gradually increased in size, he developed difficulty in swallowing. For the year 


Received for publication Aug. 2, 1954. 
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prior to admission the tongue was so large that it protruded beyond the lips, and he was 
annoyed by constant driveling of saliva from his mouth. 

The patient had been a carpenter for over thirty years. In World War I he sus- 
tained an abdominal wound which had since been asymptomatic. Review of systems was 
essentially normal, 

On examination, the tongue was approximately four to five times normal size, and 
protruded about one inch from the mouth. The patient could retract the tongue and with 
his fingers he could close the lips over it. The tongue then completely filled the oral 
cavity. The submental area bulged when the tongue was retracted. The tongue was 
smooth, firm, symmetrically enlarged, nontender, and of normal color. No nodules could 
be palpated and no thrill was heard. The patient’s speech was thick and slurred. The 
heart was slightly enlarged to the left. Rhythm was regular and the sounds were of 
good quality without murmurs. The pulse rate was 80 and the blood pressure was 120/80 
in both arms. There was a five-inch well-healed irregular scar in the suprapubic area. 
The liver and spleen were not palpable. 


Fig. 1. 


Fig. 1.—Preoperative view with mouth and tongue relaxed. 
Fig. 2.—Postoperative appearance. 


The hemogram showed 4,260,000 red blood cells per cubic millimeter, 6,600 white 


cells per cubic millimeter with 57 per cent polymorphonuclear leukocytes, 33 
lymphocytes, 8 per cent monocytes, and 2 per cent eosinophils, 11.7 Gm, hemoglobin, and 
adequate platelets. The urine was clear, pH 6.0, specific gravity 1.015, sugar negative, 
albumin faint trace with Exton-Roberts reagent, and a rare white blood cell was seen in 
the centrifuged specimen. Bence Jones protein was not found in the urine. Kline and 
Kahn serologic tests were negative. Thymol turbidity was 2.0 units and cephalin 
flocculation was two plus in forty-eight hours. LElectrocardiogram demonstrated right 
bundle branch block. Iliac marrow was normally active. 


per cent 


Roentgenogram of the chest showed slight accentuation of the markings in both 
hilar regions. The heart was enlarged to the left, measuring about 16.7 em. in the 
greatest transverse diameter. Bone survey of the femurs, pelvis, lumbosacral and 
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thoracic spine, hands, and humeri revealed slight hypertrophic changes in thoracic and 
lumbar spine. Roentgenologic study revealed a normal upper gastrointestinal tract and 
a few diverticula of the sigmoid colon. 

On July 23, 1953, a biopsy of the tongue was obtained through a short transverse 
incision in the submental region. Microscopic examination of slides stained with hema- 
toxylin and eosin showed areas that contained delicate pink bands paralleling some 
muscle fibers and surrounding small blood vessels. With crystal violet these zones stained 
ruby red and appeared homogenous, slightly granular, elongated, and rounded. Diagnosis 
was amyloidosis of tongue. 
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Fig. 3.—A traction suture is placed at the level of the circumvallate papillae and a second 
suture anteriorly. Both sutures are deep to the proposed lines of incision. 


On Aug. 6, 1953, following a preliminary tracheotomy, a subtotal glossectomy was 
performed in a manner similar to that described by Bell and Millar. Traction sutures 
were placed on the lateral sides of the tongue at the level of the circumvallate papillae 
and at the tip of the tongue. A large V-shaped wedge was removed from the lateral and 
anterior portions of the tongue. The deep branches of the lingual arteries were ligated 
as they were severed. The resulting defect was closed by approximating the upper and 
lower edges with deep interrupted sutures of chromic catgut, 00 and 000. The tissue 
removed from the tongue weighed ninety-two grams, 
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The pathologie findings were similar to those described in the biopsy specimen. 

The immediate postoperative period was uneventful. One inch of the anterior 
portion of the upper flap sloughed. This small area was débrided and it gradually healed 
in about five weeks. Postoperatively the patient noted that swallowing was easier. Th 
tongue was about two times enlarged, but it now remained inside the mouth. Driveling 
had ceased. At follow-up examination in eight months the patient reported that he had 
regained a better sense of taste and that phonation was improved. The tongue had re 
mained the same size which it was at the time of discharge from the hospital, following 
surgery. 














Fig. 4.—A few deep sutures of chromic catgut 00 are placed and tied in order to obtain hemo- 
stasis. The resected wedge is wide anteriorly and tapers posteriorly. 


DISCUSSION 

Macroglossia is one of the best known signs of primary amyloid disease, 
and it occurs in about one-third of the cases. 

Lindsay has emphasized that the onset of symptoms due to involvement 
of the tongue may be gradual or sudden. Symptoms produced by amyloid 
infiltration of the tongue vary directly with the degree of macroglossia. 
Dysphonia is an early symptom. The speech becomes thick and articulation 
is poor. Later, difficulty in swallowing oceurs. The patient of Rigdon and 
Noblin found it difficult to eat and lost thirty pounds. Occasionally, as in 
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the case presented, the tongue becomes so large that it protrudes from the 
mouth and driveling becomes troublesome. Interference with breathing is 
sometimes mentioned as a symptom of macroglossia. However, although the 
tongue may become huge, the floor of the mouth and pharynx usually remain 
uninvolved so that asphyxiation does not oceur. 

Amyloid infiltration of the myocardium is very common. It occurred in 
thirty-nine of forty-three fatal cases reviewed by Lindsay. Duration of life 
from the onset of symptoms is usually one to three years, but varies from a 
few months to sixteen years. Death is usually due to cardiac failure secondary 
to amyloid infiltration of the myocardium. 
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Fig. 5.—Smaller sutures of chromic catgut 000 are placed on the left side. From the right 
side a wedge is resected and deep hemostatic sutures are placed. 


In macroglossia due to amyloid disease, the tongue is usually diffusely 
enlarged and firm. The surface of the tongue is smooth and the color is pale 
or light gray-brown. Erosions and ulcerations are not uncommon. Sometimes 
local infiltrations of the tongue occur. They consist of waxy papules, blisters, 
plaques, or in some cases large tumors. 

A correct clinical diagnosis of primary amyloidosis was made in only 
nine of the forty-four cases reviewed by Rigdon and Noblin. The histologic 
study of the biopsy of the tongue was frequently the basis for the ante-mortem 
diagnosis. 

Although macroglossia due to amyloid infiltration occasionally becomes 
so marked that partial glossectomy is indicated for relief of symptoms, Ensign 
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in 1951 was the first to attempt a palliative resection. Unfortunately, his 
patient suddenly became cyanotic at the completion of the operation and died 
shortly thereafter. 

In the case herein reported, a preliminary tracheotomy was employed. 
It is believed that this precautionary measure was useful in preventing 
pulmonary complications due to retained secretions or obstruction of the 
upper respiratory tract. 

A large wedge was removed from both sides and the anterior portions of 
the tongue. The deep lingual or ranine arteries were ligated bilaterally, re- 
sulting in slough of the anterior portion of the superior flap. In retrospect, a 
two-stage resection might have been preferable. In the interval between 
stages, adequate anastomotic channels between the deep and dorsal branches 
of the lingual arteries might have developed and the tissue loss from slough- 
ing might have been avoided. 


SUMMARY 


A ease of macroglossia as a manifestation of primary systemic amyloid- 
osis is reported. <A successful one-stage palliative partial glossectomy was 
performed. 
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LYMPHANGIOMA OF THE SMALL INTESTINE 
Wes.ey A. Curbs, M.D., AND HeNry C. ROSENSTIEL, M.D., ALBUQUERQUE, N. M. 


YMPHANGIOMA of the small intestine is a very rare lesion, and most re- 
L ports have been of single cases. Many of these reports have been of 
lymphangiomas noted only as incidental autopsy findings.*® 

Olson, Dockerty, and Gray‘ reviewed the small bowel tumors at the Mayo 
Clinie in 1951, and seventy-seven tumors of all types were found. The follow- 
ing comment on lymphangiomas was made: “Apparently no lesion of this 
type has ever been found to produce clinical symptoms. The one such lesion 
in our series was found incidentally in the jejunum of a 57-year-old man who 
was undergoing operation for duodenal ulcer. Grossly, the tumor was located 
just beneath the serosal surface; it was about 2 em. by 4 em. in size, and was 
light in eolor. Microscopically, the lymphangioma resembled the cavernous 
type of hemangioma, except that lymph instead of blood was filling the di- 
lated spaces.” 

At this hospital in 1951 a lymphangioma was found at operation to be 
the cause of preoperatively diagnosed partial small bowel obstruction. This 
finding stimulated us to search the literature for other cases of symptomatic 
lymphangiomas. Two reports ® were found in the American literature in 
which lymphangioma had been responsible for gastrointestinal bleeding. In 
both of these cases the patient had had no further bleeding following resection 
of the lymphangioma. 

A review of the foreign literature reveals a number of cases of sympto- 
matic lymphangioma of the small intestine for which operation was performed. 
A ease report by Naumann,’ in which he reviewed the literature, presents an 
extended discussion of this tumor. In the eases which he discussed bleeding 
was not a primary reason for operation, rather there was partial bowel ob- 
struction or irritative phenomena in the small bowel. 

Apparently there had been considerable dispute in Europe as to the 
etiology of this tumor. Virchow believed that this tumor was a secondary 
formation in response to obstructive disease of the lymphaties of the small 
intestine and mesentery. Naumann, on the other hand, believed that the 
tumor was a true neoplasm. American authors who have reviewed the subject 
differ in their opinions. Naumann’s detailed analysis of the fluid contents of 
this tumor revealed that it was indistinguishable from lymph. 

Some of the methods devised for therapy were reviewed by Naumann. In 
the case which he presented, resection was performed with cure of the disease. 
He mentioned the recommendation of Payr that in cases of multiple lymphan- 
gioma of the small intestine, by-passing operations be performed. 


The statements and conclusions published by the authors are a result of their own study 
and do not necessarily reflect the opinion or policy of the Veterans Administration. 


Received for publication Sept. 7, 1954. 
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eee 2 LYMPHANGIOMA OF SMALL INTESTINE 


CASE REPORT 


On July 18, 1951, there was admitted to the Veterans Administration Hospital, Albu- 
querque, New Mexico, a 52-year-old white male patient with complaints of epigastric pain for 
one year and periods of diarrhea alternating with periods of constipation for one year, as- 
sociated with occasional nausea and vomiting during the same period of time. He stated 
that he had lost 20 pounds of weight in the ten days before admission. The pain was usually 
dull in type, and it was determined that he frequently would vomit following the 
onset of the pain. The pain was said to run from left to right across the mid-abdomen at the 
level of the umbilicus. This pain would begin fifteen or twenty minutes after a meal and 
would last for approximately one hour, Associated with this pain were audible peristaltic 
sounds. This noise had become so noticeable that for several months prior to his entry into 
the hospital his wife had to stop sleeping with him as the noise interfered with her rest, 

Physical examination revealed a slightly obese adult white man who had no apparent 
gross abnormalities, There was a well-healed McBurney’s scar of a previous appendectomy. 
There was only slight epigastric tenderness during the first examination. Subsequent exami- 
nation during one of the attacks of pain revealed tenderness under the upper portion of the 
McBurney scar associated with increased peristaltic sounds over the right half of the abdo- 
men. 

The patient had had a left ureterolithotomy on June 15, 1950, at this hospital, but 
complete urologic studies at this admission revealed no genitourinary disease now present. 
The patient had never had any fever. 

Because he was a house painter, urinary lead studies were performed and were found to 
be normal. A gastrointestinal series x-ray revealed normal] findings in the esophagus, stom- 
ach, and duodenum, The radiologist found definite evidence of partial obstruction of the 
small intestine, The small intestinal series revealed a small pocket of gas in the ileum in 
which there could be seen some puddling of the barium with a stringlike extension distally 
from this puddle for 15 mm. After consultation between the surgical and medical services it 
was decided that this man probably had a partial small bowel obstruction, due either to 
adherent bowel in the region of the old McBurney incision or possibly to tumor. 

On Aug. 21, 1951, exploratory laparotomy was performed. Careful palpation of the 
small intestine revealed a lesion located between three and four feet proximal to the ileocecal 
junction. This lesion appeared to be white, was about 1.5 to 2 cm, in diameter, and was lo- 
cated in a subserosal position. It would have been overlooked except for palpation, It could 
be seen only faintly, shining through the bowel wall. There were no associated abnormalities 
in the mesentery, The tumor slipped easily back and forth in the submucosa and there was a 
definite small, constricted area as if the tumor had been caught in the peristaltic stream and 
had pulled on the bowel wall. There was slight dilatation of the bowel above the constriction 
and also slight dilatation below the constriction. On opening the bowel it was found that the 
consistency and appearance of the tumor was that of a soft, white, multilobular mulberry, A 
small portion of bowel bearing the tumor was resected and end-to-end anastomosis was per- 
formed. Postoperatively the patient had poor return of peristalsis, and therefore it was 
finally decided that he probably was partially obstructed. He was re-explored and it was 
found that a mass of moderately firm adhesions bound the greater part of the bowel to- 
gether. Although the original anastomosis was patent, it was somewhat stenosed, therefore 
resection of this area with end-to-end anastomosis was again carried out, An intestinal plica- 
tion was then performed. The patient then recovered without undue incident. He has been 
followed since that time and, although he has had occasional mild abdominal pain, he has had 
no outstanding complaints or physical findings. He rapidly gained back 25 pounds of weight. 


DESCRIPTION OF PATHOLOGY 


On opening the specimen, the presence of the soft, white, mulberry-like tumor was con- 
firmed, It appeared to arise from and be largely confined to the submucosal area. It projected 
about 0.5 em, above the level of the surrounding bowel, and its maximum diameter was ap- 
proximately 3.4 cm. The dilatation of the intestine above the tumor as well as the peduncu- 
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lated appearance of the mucous membrane attached to the tumor gave the impression that 
there had been some intussusception of the mucous membrane, Microscopic examination re 
vealed the specimen to be composed entirely of dilated lymph spaces surrounded by low, 
flattened cuboidal cells. The dilatations were present in the submucosa as well as in the ex 
treme distal lacteals of the mucosal villi. The pathologie diagnosis was cavernous lymphangi 
oma, 

DISCUSSION 


This case of lymphangioma of the small intestine was one in which a 
diagnosis of partial small bowel obstruction was made preoperatively on the 
basis of symptomatology, physical findings, and x-ray findings. Although the 
postoperative course following local resection of the tumor was somewhat 
complicated by an adhesive peritoneal reaction, the patient eventually became 
symptom-free. Survey of the American literature has revealed two cases in 
which operation was performed because of gastrointestinal tract hemorrhage. 
These two patients were also cured following local resection of the tumor. It 
would appear then that this tumor, among the rarest of the benign small in- 
testinal tumors, can produce symptoms. These symptoms may be due to 
hemorrhage or incomplete obstruction. In our ease it appeared that the ob- 
struction per se had been relatively insignificant and that the greatest part of 
the symptomatology might have been due to partial intussusception of the 
mucous membrane caused by the submucosally located tumor being dragged 
distally in the peristaltic stream. In the foreign literature we have found re- 
ports of these tumors causing intestinal obstruction of varying degree which 
has been cured by surgical resection. 


SUMMARY 


A ease of lymphangioma of the ileum which produced the signs and 
symptoms of partial intestinal obstruction has been reported. It was cured 
by resection and end-to-end anastomosis. A brief review of the literature dis- 
closes that this is among the rarest of benign small intestinal tumors. Previ- 
ously only two symptomatic cases had been reported in the American litera- 
ture. These caused gastrointestinal hemorrhage. Several European reports 
of such tumors causing varying degrees of intestinal obstruction were seen. 
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JEJUNOGASTRIC INTUSSUSCEPTION ASSOCIATED WITH A 
STRANGE POSTOPERATIVE COMPLICATION 
(GASTROENTEROSTOMY ) 


Mariano A. DE AnpRADE, M.D.,* anp CarLos A. DE ANDRADE CoELHO, M.D.,** 
Rio DE JANEIRO, BRAZIL 


EJUNOGASTRIC invagination is a rare complication following gastrie sur- 
J gery. In an exhaustive review of the literature presented in 1948, Sten 
Aleman’ found only seventy eases sinee the first report and clinical findings re- 
garding this affection which were published by Bozzi! (1914). 

Pertaining to Aleman’s series, a few more recent observations have been 
added, but these probably will not exceed twenty cases. 

The incidence of this condition is therefore extremely rare, considering 
the number of gastric resections and anastomoses which are performed daily, 
in contrast to the total number (about ninety) of reported cases. Aleman in 
his review found three cases of intussusception after gastrectomy; the re- 
mainder were observed after gastroenterostomy. To those three cases, Aleman 
added two more, one of his own and the other one presented by E. Perman.’ 

In reviewing the literature of this complication among gastrectomized pa- 
tients, Helio Arduino* reported a total of six cases to which he added another 
case. This review, however, did not inelude the cases studied by Perman,’ 
Dino de Almeida and Lombardi,’ and Piragibe Nogueira,’ also seen after gas- 
trectomy, which amount to a total of ten cases: MeNamara,® Aleman,’ De 
Toeuf,’® Perman,' Grimes,’ Dino de Almeida,? Puech Leao,® Piragibe Nogueira,’ 
Vink," and Arduino.‘ 

It is worth mentioning the fact that four of the previously mentioned cases 
have been verified in Brazil. 

We therefore have to admit that jejunogastric invagination has oceurred 
more often after gastroenterostomy. 

The greater frequency with which this operation was performed, in the 
past, has undoubtedly to do with such initial predominance. At present, this 
condition seems to be more likely to oceur after gastrectomy, notwithstanding 
our case which followed gastroenterostomy and Richardson’s® two other simi- 
lar eases recently published. 

This complication has been described after gastroenterostomy either an- 
terior or posterior, precolic or retrocolic, simple or associated with comple- 


mentary jejunojejunostomy. 


Received for publication Sept. 13, 1954. 
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The intussusception may involve the afferent loop (direct type) as well 
as the efferent loop (retrograde type) or both (combined type). It is worth 
noting that, with the exception of Perman’s' case of the combined type, all 
the recorded cases of invagination after gastrectomy were of the retrograde 
type (of the efferent loop). In fact, the latter type is more common and more 
likely to lead to development of severe symptoms than the one which can be 
observed with the afferent loop. Both direct and retrograde jejunogastric 
invagination are latter complications of the patients submitted to gastric sur- 
gery. 

Aleman’ estimated six years to be the average length of time between the 
operation and the onset of the complication. The combined type of invagina- 
tion is actually a prolapse of the jejunum through the anastomotie ostium. So 
its occurrence does not imply the same severity as the retrograde invagination 
and is still an early postoperative complication. 

Our observation actually confirmed the previous statements as it deals 
with a case of invagination of the afferent loop with a relatively mild symp- 
tomatology. 

It was diagnosed as such seven years after the gastric operation had been 
performed. 

The symptoms of this complication are extremely variable. In some eases, 
especially those with retrograde invagination, there is a clinical picture of an 
upper gastrointestinal tract obstruction of an acute type, in which severe colic 
pains, followed by alimentary, biliary, and finally bloody vomiting, is observed. 

The chronic form is characterized by a sensation of fullness after meals, 
frequently associated with nausea, vomiting, and moderate colic; usually these 
symptoms disappear one or two hours after eating. In these cases the roent- 
genologic examination may be negative in spite of its being repeatedly per- 
formed during such crisis. On other occasions the typical radiologic picture 
is not confirmed at the operating table, as the invagination has subsided spon- 
taneously and the surgeon finds a normal appearance; this was the case in one 
instanee deseribed by Richardson. Yet the diagnosis under such cireum- 
stances is valid, as the spontaneous reduction of the chronic intussusception 
has been observed even during fluoroscopic examinations. 

Early diagnosis is of the utmost practical importance, especially in the 
acute cases, as the mortality rate is 50 per cent when the operation is per- 
formed after forty-eight hours of the onset of the clinical picture. The diag- 
nosis is based on the history and clinical signs, but quite often it has not been 
preoperatively established. Unless there is a palpable tumor, the diagnosis 
ean hardly be made by clinical methods. 

The differential diagnosis of the condition includes bleeding ulcers, gastric 
carcinoma, and the afferent loop torsion. 

In spite of the typical appearance of the radiologic examination, this has 
offered the clue for the diagnosis in only a few eases. Thus, it should be men- 
tioned that, in the seventy cases of Aleman,’ x-ray films had been taken in 
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only eighteen, of which twelve were diagnostic. So it is quite understandable 
that the majority of the acute eases has been diagnosed at operation* 1% ™ 
or autopsy.* * ® 

We had the good fortune to follow a ease in which there was a chronic 
invagination of the afferent loop, with moderate symptomatology, in which the 
diagnosis was easily established by x-ray examination. However, some of the 
features of this case should be mentioned, as we have not found anything simi- 
lar among the cases published up to the present. 

M. C. A., Reg. 82.706, a white Portuguese woman 53 years of age, married, was ad- 


mitted to the surgical ward of the Hospital dos Servidores do Estado on April 12, 1953. 
The chief complaints were abdominal pain and a nodule in the left breast. 





Fig. 1.—X-ray film showing the stomach and the anastomosis with the typical picture of the 
jejunal prolapse. 


Present Illness—The patient underwent a gastric operation (gastroenterostomy ) 
with complementary appendectomy performed seven years previously in Portugal for a 
gastric ulcer. There were no beneficial results obtained from the surgical procedure, as 
the gastrointestinal symptoms, particularly the pain, continued, which was of the colic 
type and appeared (thirty minutes to one hour) after meals, accompanied by heartburn 
and acid regurgitations. Although good medical treatment was administered, the patient 
gradually lost weight. (Three weeks later she had pain in the left breast, where she 
noticed a small nodule.) Physical examination revealed a well-developed, well-nourished 
patient in no apparent distress. Pulse was 80, blood pressure 120/70, respirations 22, tem- 
perature 36.6° C. In the upper external quadrant of the left breast there was an olive-hard, 
not fixed, smooth nodule. No corresponding nodes were palpable. Abdomen: There was 
a well-healed surgical scar in the supraumbilical midline; there was pain to palpation of 
the epigastrium, also noticeable and less severe on the right upper quadrant. The re- 
mainder of the physical examination was within normal limits. 
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Laboratory tests—Gastrie acidity after histamine was normal. Stomach x-ray film 
revealed gastroenteroanastomosis with invagination of the afferent loop through the neo 
ostium and searring pyloric stenosis quite marked (Figs, 1 and 2). 

Operation.—The abdominal cavity was opened through a left transrectal incision. A 
posterior horizontal, transmesocolic gastroenteroanastomosis was found. 





Fig. 2.—X-ray film of the gastrojejunal anastomosis, showing the typical picture of the 
intragastric invagination. 





Fig. 3.—Operative specimen (stomach open). The superior surface of the septum was 
cut and maintained in its primitive position, showing the continuity of its mucosa with those 
of the gastric walls. The white arrows show the orifice linking both gastric chambers into 
each other. 





Fig. 4.—Operative specimen (distal segment of the 
primitive gastroenterostomy). The intragastric septum is seen in the internal surface of the 
stomach between two orifices. Notice the distance between the septum and the gastroentero- 
anastomotic ostium through which a stylet was passed. 


stomach and jejunal loop of the 
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Fig. 5. —Semischematic reproduction of the operative findings. The septum is dividing 
the stomach in two cavities and is partially closing it. The gastrojejunal anastomosis remains 
largely permeable below this septum. 





Fig. 6.—Stomach sectioned through its anterior surface paralleling and close to the great 
curvature. Notice the afferent loop invagination, the continuity of the folds of the mucosa 
in the superior surface of the septum, and the small dimensions of the orifice close to the 
efferent loop. 
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No signs of a gastric or duodenal ulcer were detected. 

The exploration of the remaining organs was negative except for the presence of 
small myomatous nodules of the anterior surface of the uterus. A subtotal gastrectomy) 
was then performed with the excision of about two-thirds of the stomach, and 25 em. of 
the jejunal loop was used for the anastomosis. After re-establishing the intestinal con 
tinuity (terminoterminal) the new gastrojejunal anastomosis was performed with a long 
anisoperistaitic, precolic loop. The stomach was opened and a membranous septum was 
found 3 em. over the anastomotic ostium; (Fig. 3) this septum had almost completely closed 
the organ, dividing the gastric cavity in two (Figs. 4 and 5). These two chambers linked 
into each other by means of two orifices in opposite points of the membrane. The proxi 
mal orifice was larger and opened into the afferent loop, which in turn was invaginated 
into the gastric cavity (5 em.) above the membranous septum. The distal orifice was 
minimal in size and communicated with the efferent loop also (Figs. 6 and 7). 





a. ' 


! 
' 
' 
i) 
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Fig. 7.—Schematic reproduction of the operative findings seen through a transversal 
section of the stomach at the level of the afferent loop. Notice the extension of the invagi- 
nation and intragastric biloculation caused by the septum. 


There was a complete continuity of the folds of the gastric mucosa from the anterior 
to the posterior surface, crossing over the superior border of the septum (Fig. 6). At the 
level of the orifice the mucosa showed an absolute continuity with the one from the region 
below the septum. The gastrojejunal anastomosis had no ulcerations and was permeable. 
The septum which divided the stomach cavity was precisely located at the level of the 
surgical fixation of the transverse mesocolon with the stomach. 

The postoperative course was uneventful and the patient was discharged on the 
fifteenth postoperative day. 

Section of the septum showed that the mucosa of its two surfaces had gastrie char- 
acteristics and the septal structures included all gastric wall elements except the serosa 


(Fig. 8). 
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Fig. 8.—Microphotography of a longitudinal section of the stomach including the septum 
(one-half of the gastric contour). Below: A, Intestinal mucosa; B, septum; C, gastric wall 
above the septum. At the level of the septum, notice the existence of mucosa in both, the 
continuity of the submucosa with the neighboring segments, and the presence of muscular 
tissue. 
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DISCUSSION 


It is our belief that in this case the invagination of the afferent loop was 
intimately related to the physiopathologic changes originated by the presence 
of the gastric septum. 

In order to explain the mechanism of production of the intussusception, 
it is said that there are previous anatomic, physiologic, or pathologie changes 
which ean act isolated or in association with each other. Pediculated tumors 
of the colon and Meckel’s diverticulum are examples of pathologie conditions 
which ean be the cause of invagination; differences of the diameter of the in- 
testinal segments which become invaginated appear as an indispensable ana- 
tomie factor for the onset of such complication. 

Peristaltie alterations are mentioned as the most important physiologic 
factors: in the retrograde type of invagination antiperistaltism occurs, the 
latter being explained by the inversion of the metabolic gradient, according 
to Alvarez’; in the direct type, the hyperperistaltism is responsible for the 
complication with other proper conditions. 

In our ease there was a partial obstruction of the stomach caused by the 
presence of a septum. In order to overcome this obstacle, the intestine was 
foreed to increase its mobility. This was the reason that the invagination was 
of the afferent loop of the direct type. 

The minimal diameter of the orifice located close to the efferent loop pre- 
vented the possibility of a retrograde invagination (Fig. 6). 

It is hard to explain the presence of the gastric septum above the neo- 
ostium. We initially thought it was due to the fixing of the suture of the 
transverse mesocolon to the stomach wall, which by an error in the technique 
had transfixed all the gastric layers and closed the stomach cavity above the 
anastomosis. This was suggested by observation of the fixing suture performed 
at the level of the septum. Other colleagues tried to explain that it was due 
to an originally closed aseptic anastomosis which was misperformed; the gas- 
trie mucosa could have then escaped from the smashing procedure and sec- 
tioning, and remained completely unharmed. Both hypotheses seemed equally 
acceptable until the pathologie sections revealed the histologic structure of 
the septum, which ineluded all the layers of the stomach wall except the serosa 
(Fig. 8). The presence of muscular elements with gastric mucosa on both 
surfaces (superior and inferior) of the septum excludes either of the two 
hypotheses. 

As we have no definite and satisfactory explanation regarding the outcome 
of this ease, we therefore wish these facts to be filed and noted in medical 
literature for observation and comment. 


SUMMARY 


A ease of jejunogastric intussusception, occurring seven years after a 
gastroenterostomy, is presented. We discuss the clinical picture and present 
a bibliographie review of the subject. 
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This case is unique as there was a stomach cavity divided in two by one 
septum which obstructed the anastomotic ostium. 

Assuming an influence of the previous operation, we could not find a satis- 
factory explanation for this case. 
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What to Do About Automobile Collision Injuries 


HE excellent paper, ‘‘ Automobile Collision Injuries,’’ by Dr. Livingstone 

(SuRGERY, December, 1954) is significant and constructive, and the great 
effort he has expended should prove effective in the campaign to prevent in- 
juries of this type. 

He pointed out that his study emanates from ‘‘an area where high-speed 
driving is probably exceptional.’’ This is borne out by the fact that more than 
twice as many front-seat passengers (percentagewise) were injured by the 
steering wheel as were drivers, this being due to many lateral impacts such as 
occur at intersections in urban areas, no doubt. This is further indicated by 
the fact that the ‘‘side of automobile’’ caused the greatest percentage of in- 
juries and by the low percentage of chest injuries in this group of drivers. 
Nevertheless, it is significant that chest injuries were over twice as common 
in the drivers as in the front-seat passengers, the difference being 7.5 + 1.2 per 
cent, a figure of great statistical significance. 

If the motorcar manufacturers can be convinced by facts, this study is 
all that is needed to convince those gentlemen that some sort of energy-absorbing 
device on the steering column is needed at once. No more data than those 
provided by Dr. Livingstone should be needed to lead the car makers to provide 
a broad, energy-absorbing crown for the top of the steering column together 
with some form of inertia lock or sheer-pin on the column itself to save the 
driver from severe chest injury on high-speed impact. 

But the recurring evidence of the last twenty years is that the motorear 
makers are not influenced by scientific facts, but by sales facts. My correspond- 
ence with one of the largest manufacturers reveals that they say, in effect, ‘‘We 
have no evidence that there is even a slight interest in or demand for the so- 
ealled safety modifications you fellows (Straith, Woodward, Harper, and others) 
‘ant about, and you can be very sure we are not offering features to the public 
which it does not want or may even violently reject.’ 

If a large proportion of the surgeons in America wrote to the manufacturer 
of the individual surgeon’s car and asked for specific safety features, the ear 
makers would sit up and take notice and perhaps do something. These features, 
among others, are: (1) doors that will not pop open even upon strong impact, 
(2) seats and eushions that will not jar loose to kill and trap crash victims, 
(3) erashworthy seats equipped with retractable, convenient lap and chest 
belts, (4) a real crash panel replacing the instrument panel on the right two- 
thirds of the front compartment, padded with four to six inches of vinyl foam 
or Ensolite (foam rubber is too soft), (5) a padded, energy-absorbing steering 
eolumn, (6) a plastic windshield coated with glass on the outside to resist abra- 
sion, and flexible enough on strong impact to yield as much as three or four 
inches, (7) safety-designed levers and handles to save knees and skulls. 

Certain it is, the car makers are as interested in safety as we are, but will 
do nothing until it is ‘‘safe’’ to do so. We, as doctors, must lead the public 
in its demand for safe ears. 

—Horace E. Campbell 
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ITTLE is known of the role of the pulse in cardiovascular dynamics. Previ- 
ts ous studies’® contain reports of successful by-pass of the right heart of 
dogs with nonpulsatile maintenance of the pulmonary circulation and preserva- 
tion of normal pulmonary function. However, preliminary experiments sug- 
gested that a pulsatile flow was necessary for the maintenance of normal 
systemic vascular tone. The present investigation was undertaken to test the 
validity of these preliminary observations. 


APPARATUS 


The extracorporeal heart pump apparatus that was employed for the pres- 
ent experiments is similar in design to the air piston pumps used in previous 
experiments.*""8 Figs. 1 and 2 are photographs of the present pump appa- 
ratus, which differs from the previous model in the following respects: The 
blood-handling portion of the previous model pump‘ was made of Lucite and, 
therefore, could not be autoclaved. The blood-handling portion of the present 
model was made of Pyrex glass chambers and Teflon valve seats and gaskets 
and, therefore, could be autoclaved. Reinforced rubber flap valves were used 
in the previous model, whereas reinforced polyvinyl plastic flap valves were 
used in the present model. The latter were as easy as the former to construct 
and were more resistant to repeated sterilization and mechanical trauma. The 
flap valves were constructed by dielectrically sealing a small oval of stainless 
steel sheeting between two slightly larger ovals of polyvinyl plastic sheeting. 
A small tongue attached to one of the plastic ovals was used to secure the flap 
valve to its seat by means of a rubber band. All tubing in the apparatus was 
Tygon formulation B 44-3. The priming capacity of each pump was 600 ml. 
The output characteristics of the pump apparatus using water are summarized 
in Fig. 3. 

Two types of apparatus were used to depulsate the pump output during 
the experiments involving nonpulsatile flows. The first type of depulsator 
utilized an air buffer; blood was passed through a polyvinyl membrane which 
was surrounded by an air buffer of 2 L. volume at a pressure of about 130 mm. 
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of mereury. This depulsator successfully removed the pulse from the outflow 
of previous pumps while maintaining the mean perfusion pressure.’® ‘* This 
apparatus did not completely remove the pulse from the outflow of the present 
model pump. The probable reason for this difference is that the extracorporeal 
pump previously used had an ejection time approximately twice that of the 
presently described one. The second type of depulsator was an open bottle 
which was set at a height equivalent to slightly greater than the mean pressure 
desired within the aorta of the experimental animal being perfused. This 
simple gravity-perfusion system was found to be very efficient as a depulsator. 


Fig. 1.—Photograph of the extracorporeal apparatus used for heart-lung by-pass. A, 
Control section providing alternate negative-positive pressures (air piston) and controls for 
variation of the stroke frequency, stroke volume, and pump reservoir vacuum; B, blood- 
handling pumps; C, accessory reservoir (not to be confused with the overhead depulsator) for 
adding blood directly to pump reservoirs for priming of the blood pumps and for transfusion 
of the animal during pump activity; D, lung pan containing homologous donor lungs. Note 
the spout, to the inner end of which is ligated the proximal stump of the trachea of the 
homologous lungs and to the outer end of which is connected EZ, an artificial respirator 
motivated by compressed air. 


EXPERIMENTAL METHOD 


Early experiments in the present series dealt with simple by-pass of the 
left ventricle. During these experiments, a strictly nonpulsatile flow within 
the aorta of the experimental animal was not attained because of variations in 
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the aortic blood pressure caused by respiratory excursions. Therefore, the 
heart and lungs of the experimental animal were by-passed in subsequent 
experiments. Using this technique, strictly nonpulsatile flows were obtained 
within the aorta of the experimental animal. 


Fig. 2.—Close-up photograph of the two identical blood-handling pumps. A, Pump input 
lead containing a side arm from the accessory reservoir and leading into the bottom of B, 
pump reservoir, calibrated in milliliters, containing a stainless steel 80-mesh conical screen 
surrounding the end of the input lead and a small lead through the cap for regulating the 
aspirating vacuum within the reservoir. C, Teflon gasket-valve seat and flap valve. D, Valve 
chamber with air-bleeding vent on top. RB, Teflon gasket. F, Pump chamber containing a 
cylindrical plastic membrane and a wire cage separating the plastic membrane from the orifice 
of G, stroke chamber, calibrated in milliliters, containing sterile water and a cork float. The 
alternate negative-positive pressures are’ led into this chamber through the rubber cap. 
H, Output lead connected to the “arterial” cannula. 


There are four groups of experiments to be reported. The early experi- 
ments will be summarized as a group, and the heart-lung by-pass experiments 
will be reported in three groups. In Group I, the systemic circulation was 
artificially maintained with flows having normal pulse pressures. This is the 
control group. In Group II, the systemic circulation was artificially main- 
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tained with strictly nonpulsatile flows. Animals of Groups I and II were 
allowed to recover after operation. In Group III, the systemic circulation was 
artificially maintained as in Group II and additional resection of the heart 
and lungs of the experimental animal was performed. Animals of Group III 
were thus precluded from recovery. 
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The animals used were healthy, mongrel dogs averaging 14 kilograms of 
body weight. They had been impounded for a period of not less than three 
weeks and had been passively immunized against rabies and distemper. Ani- 
mals of all groups were anesthetized using pentobarbital sodium in intravenous 
dosages of approximately 30 mg. per kilogram of body weight. Artificial 
respiration was maintained by means of an indwelling endotracheal tube and 
an artificial respirator using compressed air. Aseptic precautions were ob- 
served during all experiments. Each animal was subjected to a left thora- 
cotomy using the following technique: The skin was incised over the length of 
the left fourth rib and costal cartilage, the bleeding points in the subeuticular 
and subcutaneous layers were electrocoagulated, the muscles were divided be- 
tween Kocher clamps, and the left fourth rib and costal cartilage were resected. 
Bleeding points in the periosteal-pleural layer were electrocoagulated, but 
within the chest all bleeding points, including those along pericardial incisions, 
were secured by silk ligature. Following thoracotomy, heart-lung by-pass was 
executed as follows: Two identical pumps were primed with blood that had 
been withdrawn from donor animals by complete exsanguination. Donor 
animals were given heparin intravenously in dosages of 5 mg. per kilogram of 
body weight. The experimental animals received no additional heparin. The 
extirpated heart and lungs of an exsanguinated blood donor dog were used as 
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the extracorporeal oxygenator.1* The heart-lung by-pass was instituted ac- 
cording to the following circuit: The caval and coronary sinus returns to the 
right atrium were diverted (via a polyethylene catheter inserted through the 
left external jugular vein so that its multiperforated tip lay within the right 
atrium) into the right pump reservoir. The right pump ejected blood into 
the main pulmonary artery of the extracorporeal homologous lungs. After 
oxygenation in these lungs, blood was aspirated from the left atrium of the 
isolated specimen into the left pump reservoir. The left pump ejected blood 
directly into the left brachial artery (Group I) or into a depulsator (Groups 
II and III) which in turn delivered blood into the left brachial artery cannula. 
The brachial artery cannula was made of 6 mm. O.D. stainless steel tubing 
which was bent in an S shape for convenient positioning and alignment in the 
operative field. 

In one-half of the nonpulsatile perfusion experiments, the extracorporeal 
circuit was provided with a shunt allowing blood to be diverted around the 
depulsator. In these experiments, cardiac by-pass was instituted using a 
pulsatile flow. After fifteen to thirty minutes, the shunt was interrupted and 
further artificial maintenance of the circulation was effected by diversion of 
pump outflow through the depulsator resulting in nonpulsatile perfusion. 
Prior to cessation of pump activity these animals were returned to pulsatile 
perfusion by reinstituting the shunt. During the remaining half of the non- 
pulsatile experiments, no shunt was used. In these the by-pass began and 
ended with nonpulsatile perfusion of the experimental animal. 

After the by-pass had been discontinued, each recovery animal was given 
50 to 100 mg. of protamine sulfate intravenously and the operative site was 
carefully made hemostatic by ligation of bleeding points. The thoracotomy 
wound was closed in layers using continuous silk sutures. The animal was 
observed from one to four hours after closure of the chest, at which time the 
cannulas were removed from the femoral vessels. The animal was then placed 
in his eage and observed postoperatively until death or sacrifice. 

During each experiment, the following physiologic indices were con- 
tinuously recorded: the electrocardiogram, abdominal intra-aortic blood pres- 
sure, pump outflow blood pressure, and inferior vena caval blood pressure. 
The abdominal aorta and inferior vena cava were catheterized via femoral 
vessels. Standard clinical electrocardiographic electrodes were taped to shaven 
areas of the extremities. Statham physiologic strain gages and a 4-channel 
Sanborn Poly-Viso recorder were used to record these four indices simultane- 
ously. All tubing connecting the cannulas and the Statham gages was poly- 
ethylene tubing of 4 mm. internal diameter. 

Cardiac output during by-pass (pump minute flow) was derived by multi- 
plying the counted pump rate and the stroke volume as read directly from the 
calibrated stroke chamber.’* During by-pass, the volume of the extracorporeal 
circuit was maintained constant by manual adjustment of the stroke volumes 
of each pump so that the reservoir level of each pump remained constant.'® 
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The blood balance was determined in each experiment. Blood gains were 

the sum of the intravenous and intrapump transfusions. Blood losses were 

determined by weighing the donor lungs before and after the by-pass, weighing 

the bloody sponges and towels, and estimating of the amount lost into the drapes. 

In three animals of Group II, the venous and arterial CO, contents and 

pH’s of whole blood and the serum sodium, potassium, and chloride levels were 

determined immediately prior to and at the end of the period of nonpulsatile 

perfusion. The renal function of four other animals subjected to nonpulsa- 
tile perfusion was studied by means of phenolsulfonphthalein excretion tests. 


The levels of free plasma hemoglobin, hematocrit, white blood cell count, 
and platelet count were determined on most experimental animals before and 
after the by-pass procedure and at varying intervals postoperatively. 

All surviving animals were observed postoperatively in regard to their 
temperature, chest findings, behavioral pattern, activity, diet, and electrocardio- 
graphie pattern until the time of death or sacrifice. All animals were autopsied 
and sections of various organs were examined microscopically. 

RESULTS 

The experimental results will be reported under these headings: (1) main- 
tenance of adequate circulation during the by-pass procedure, (2) electrocardio- 
graphic findings, (3) blood indices, (4) collateral data, (5) recovery of experi- 
mental animals, and (6) post-mortem examinations. 

1. Maintenance of Adequate Circulation—The perfusion results of the 
various groups of experiments are summarized in Figs. 4 through 7. The blood 
pressure graphs of these figures were obtained by averaging the mean blood 
pressures for all experiments within each group at the following specific events 
during the procedure: femoral vessel cannulation, pleural entry, initiation of 
by-pass, standard intervals during by-pass, cessation of by-pass, protamine 
administration, chest closure, and femoral vessel decannulation. Intermediate 
points between these specific events were plotted by averaging the values of 
the constantly monitored blood pressure between each point so as to inelude 
within the average plot any increase or decrease of mean pressure not attribut- 
able to inflation of the lungs or administration of vasomotive drugs. It should 
be added that the blood pressure plot for any specific experiment was nearly as 
flat as the average for its group; that is, averaging has had but little effect in 
‘‘smoothing out’’ the blood pressure curves. 


Early experiments: During these nine experiments, only the left ventricle 
of the experimental animal was by-passed. The systemic circulation of five of 
these animals was perfused for two to four hours with flows of normal amplitude 
pulsation. The systemic circulation of four of these animals was perfused for 
two hours with flows of low amplitude pulsation (pulse pressure of 2 to 10 mm. 
Hg). During all these perfusions, the triad of pump output, aortic blood pres- 
sure, and blood volume (blood balance) remained constant. 


Group I. This group is comprised of three control experiments during each 
of which the heart and lungs of the experimental animal were by-passed and the 
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systemic circulation was artificially maintained using a pulsatile flow (Fig. 4). 
The left pump output was led directly in to the aorta via the left brachial artery 
cannula. During the period of by-pass, the lungs of the experimental animal 
were deflated and the main pulmonary artery was occluded. As can be seen 
from the blood pressure plot, adequate stable blood pressure at constant pump 
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Fig. 4.—Graphic summary of pulsatile maintenance of the systemic circulation in Group 
I. Note that the heart and lungs are by-passed, the main pulmonary artery is occluded during 
the by-pass, and isolated homologous lungs are used for extracorporeal oxygenation of blood. 
Normal pulse pressures (pulse wave traces) were obtained during by-pass. In the mean 
blood pressure plot 7, P, C, and E, refer, respectively to the times of pleural entry, protamine 
administration, chest closure, and placement of the dog into his cage. The cross-hatched 
area, B-B’, represents the duration of heart-lung by-pass. 


outflows was maintained during the two and one-half hours of perfusion. The 
average amount of blood transfused to the experimental animals in this group 
was 647 ml. The average blood loss sustained was 617 ml. The operative period 
averaged seven and one-half hours in duration. 
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Group II. This group consists of ten dogs each of which was subjected to 
heart-lung by-pass with nonpulsatile maintenance of the systemic circulation 
for an average period of two hours (Fig. 5). The left pump output was led 
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Fig. 5.—Graphic summary of nonpulsatile maintenance of the systemic circulation in 
Group II. This is the basic heart-lung by-pass circuit of Group I with two additions: (1) 
cannulation of the left atrium and ventricle of the experimental animal with ‘physiologic’ 
aspiration of the bronchial circulation return to the left pump reservoir, and (2) an elevated, 
open-bottle depulsator placed in series between the left pump and the experimental animal. 
Note the strictly nonpulsatile character of intra-aortic blood flow obtained during by-pass as 
illustrated by the middle pulse wave trace. The two end traces refer to left ventricular ejec- 
tion. In the mean blood pressure graph, 7, P, C, and E refer to specific events as in 
Group I. The cross-hatched area, B-B’, represents the period of extracorporeal heart-lung 
by-pass and the cross-hatched area, N-N’, represents the duration of nonpulsatile perfusion of 
the systemic circulation. During the periods B-N and N’-B’ extracorporeal heart-lung by-pass 
was in operation using a pump outflow having normal pulse pressures as in Group I via a shunt 
(not shown in circuit schema) around the open-bottle depulsator. 
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into an open reservoir bottle located 155 em. above the level of the heart of the 
experimental dog. Blood from this depulsator flowed, by gravity, through the 
left brachial artery cannula. In this manner the systemic circulation was 
provided with a nonpulsatile flow. To prevent any ejection of blood from the 
left ventricle of the experimental animal, an additional cannula was placed into 
the left ventricle through the atrial appendage. The bronchial venous blood 
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Fig. 6.—Graphic summary of nonpulsatile maintenance of the systemic circulation in 
Group III. This is the basic heart-lung by-pass circuit of Group I with the addition of the 
elevated open-bottle depulsator in series with the left pump. After the by-pass had been 
instituted in each of these experiments, the heart and lungs of the experimental animal were 
resected leaving clamps occluding the ascending aorta and atrial stumps. In the blood pres- 
sure plot T and O refer to times of pleural entry and occlusion of the ascending aorta, respec- 
tively. L-L’ represents the period during which the heart and lungs of the experimental 
animal were resected. The area, B-B’, represents the period of heart-lung by-pass, and the 
area, N-N’, represents the period of heart-lung by-pass with nonpulsatile maintenance of the 
systemic circulation. The area, B-N, represents the period of heart-lung by-pass during which 
the systemic circulation was maintained with a pulsatile flow via a shunt (not shown in 
circuit schema) around the depulsator. The dotted cross-hatched area, B’-B”, represents a 
period of pulsatile perfusion in one experiment by reinstitution of the shunt. Of the pulse 
wave traces, A was taken prior to time B; B was taken during the period B-N; C, during N-L; 
D, during L’-N’; and H, during B’-B”. 
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was withdrawn via this cannula into the reservoir of the left pump. 
the by-pass, the main pulmonary artery of the experimental animal was occluded 
and the lungs were deflated. In eight of these experiments, a completely non- 
pulsatile flow was quickly attained. In the remaining two of these experiments 
there was initially a slight pulse, of 2 to 5 mm. of mereury amplitude, in the 
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Fig. 7.—Electrocardiograms recorded from an experimental dog in Group II. The 
standard limb leads (I, II, and III) were taken directly before, directly after, and ten days 
after a two-hour period of heart-lung by-pass with nonpulsatile perfusion of the systemic 
circulation. (The QRS complexes were retouched by the authors for purposes of photographic 


reproduction. ) 

abdominal aorta. In both of these experiments the onset of ventricular fibrilla- 
tion (induced in one, spontaneous in the other) resulted in complete removal 
of the pulse from within the aorta. After stabilization of the by-pass in these 
ten experiments, there was no difficulty in maintaining a normal and stable mean 
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aortic blood pressure at constant pump outputs. One significant deviation of 
the mean blood pressure in this group is worthy of note: that is, when the 
pumps were stopped and the heart was allowed to regain its function of mainte- 
nance of the circulation, there was a transient, profound hypotension. The latter 
is thought to be related to cardiac abnormalities secondary to cannulation of 
the left ventricle for prolonged periods. The average amount of blood trans- 
fused to the animal throughout the entire procedure was 1,038 ml. The amount 
of blood loss as measured by the weighing of sponges, towels, and isolated 
homologous lungs averaged 898 ml. The operative procedure averaged nine 
hours in duration. 

It should be noted that in four of the experiments of Group II no attempt 
was made to warm the blood of the extracorporeal circuit. These experiments 
were carried out during the summer months with the air-conditioning apparatus 
inoperative. Six of the experiments in Group II were performed during the 
mid-winter months in which the room temperature was considerably lower; 
during these experiments, the pumps were immersed in a temperature-controlled 
water bath in order to maintain the dog’s temperature close to normal. 

Group III. This group consists of four animals each of which was sub- 
jected to heart-lung by-pass with nonpulsatile maintenance of the systemic cir- 
culation ; after institution of the by-pass, the heart and lungs of the experimental 
dog were resected to obviate all mediastinal movements during perfusion (Fig. 
6). The left pump output was led into an open reservoir depulsator located 
135 em. above the level of the heart of the experimental animal. Blood from 
this depulsator provided a nonpulsatile flow through the cannula in the left 
brachial artery. At this point, the ascending aorta was doubly clamped and 
resection of the heart and lungs carried out as follows: The ascending aorta 
was divided near its origin, the left lung was amputated between ligatures at 
the hilum of each lobe, the pulmonary ligaments and pericardial attachments 
to the diaphragm were severed, and the trachea was dissected free from the 
esophagus. The trachea was then divided between ligatures at the level of the 
aortie arch and the heart and right lung were delivered into the left chest. At 
this point the specimen was attached only to the atria. The atria were doubly 
clamped to the left of the caval orifices, and the specimen of heart and right 
lung was amputated. The opening in the right atrium was either left clamped 
or oversewn. Resection of the heart and lungs via the left chest in this manner 
caused intermittent occlusion of the inferior vena cava. In this regard, the 
constant monitoring of the inferior vena caval pressure was helpful in guiding 
the technique of resection. After resection of the heart and lungs, the non- 
pulsatile flow was continued and normal mean aortic pressure was maintained 
at constant pump outflows. As perfusion continued, the experimental animals 
gradually lightened in the level of anesthesia necessitating added pentobarbital 
administration to abolish diaphragmatic respiratory excursions, as these tended 
to cause a pulse in the aorta. After the experiment had been continued suffi- 
ciently long, the animals were sacrificed by stopping the pumps. The average 
amount of blood transfused to the animal during this six- to eight-hour proce- 
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dure, discounting blood aspirated from the chest and reintroduced into the 
circulation via the pumps, was 800 ml. Weighed blood losses averaged 750 ml. 

2. Electrocardiographic Findings.—The electrocardiographic changes noted 
were similar in all groups of experiments. The most striking aberrations oc- 
curred in the T waves, which had a tendency to become deeply inverted in all 
three limb leads during the operative procedure. These T-wave changes were 
transient, and often occurred before the cannulations were effected; that is, as 
the result of anesthesia and/or thoracotomy alone.’* ** Widening of the QRS 
complex occurred simultaneously with left ventricular cannulation in a minority 
of experiments. One animal exhibited ventricular fibrillation upon cannulation 
of the left ventricle. This heart was resuscitated and the experiment was con- 
tinued. In those experimental animals in which the left ventricle was cannu- 
lated, extrasystoles were commonly observed during pump activity and also at 
cessation of the by-pass when the heart was allowed to regain its circulatory 
function. These extrasystoles usually disappeared by the time of chest closure. 
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Fig. 8.—Graphic summary of average values for blood indices during the postoperative 
recovery period. The solid line graphs represent average values for these indices in the non- 
pulsatile experiments; and the dotted lines represent average values for these indices in the 
pulsatile category. The cross-hatched area on the plasma hemoglobin plot represents the total 
range of determinations in the nonpulsatile category. The parenthetical numbers to the right 
of each plot indicate the number of determinations making up each graph. 


In the majority of experiments there was no marked aberration of the electro- 
eardiogram. Fig. 7 illustrates the paucity of electrocardiographic changes in 
one animal that was subjected to heart-lung by-pass and nonpulsatile mainte- 
nance of the systemie circulation. It is our opinion that the more serious cardiac 
aberrations were secondary to cannulation of the left ventricle. 
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3. Blood Indices.—The blood indices before, during, and directly after per- 
fusion showed the same trend in all groups. The postoperative patterns in the 
various groups were also similar. The results of the determinations of plasma 
hemoglobin, hematocrit, white blood cell counts, and platelet counts are sum- 
marized in Fig. 8. The peak of the average plasma hemoglobin level was 170 
mg. per cent. Elevated plasma hemoglobin levels could be obtained during the 
first three days after operation. In both categories of experiments there was 
a slight rise in hematocrit during operation; following the procedure, the 
hematocrit had a tendency to drop, having reached a minimum on the seventh 
postoperative day. The hematocrit rose in both categories of experiments to 
preoperative levels within the first month after operation. Both categories 
showed a marked leukocytosis which persisted for approximately fourteen 
days postoperatively. This was apparently not related to infection, but proba- 
bly represents resorbing blood in the tissues of the chest wall and pleural cavity. 
The platelet level tended to drop during the perfusion and immediately there- 
after, having reached a minimum level of 50 per cent of normal on the third 
postoperative day. By the end of the first postoperative week, however, the 
platelet counts had returned to normal. 
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Fig. 9.—Average values for certain blood determinations during three experiments of Group II. 


4. Collateral Data.—In three experiments of Group II, the CO, content 
and pH were determined on both venous and arterial whole blood samples. 
Serum levels of sodium, potassium, and chloride were also determined. Fig. 9 
summarizes the results. The pH of venous and arterial blood did not change 
as a result of the nonpulsatile perfusion, but the venous and arterial CO, con- 
tents fell markedly. The significance of this fall in CO, content is not apparent. 
In previous experiments this drop was not observed during heart-lung by-pass.’* 
In previous experiments, however, pure oxygen was administered to the homolo- 
gous lungs while compressed air was used in the present series. There were no 
significant changes in the serum levels of sodium, potassium, and chloride during 
these three experiments. 

Phenolsulfonphthalein studies were made during four experiments of the 
nonpulsatile category. Urine was collected by means of an indwelling bladder 
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eatheter. In one animal of Group II a PSP exeretion test was made prior to 
the nonpulsatile perfusion and was repeated after the nonpulsatile perfusion 
was discontinued. The urinary excretion of PSP before the by-pass was 58 per 
cent in two hours and following the by-pass was 63 per cent in two hours. In 
two other experiments of Group II, PSP exeretion tests were made during the 
period of nonpulsatile flow. In one experiment the excretion of PSP was 64 
per cent in two hours and in the other experiment was 36 per cent in two hours. 
During nonpulsatile flow in one experiment of Group III, a three-hour PSP 
excretion test yielded a value of 72 per cent. 

5. Recovery of Experimental Animals.—Although a total of thirty-two 
experiments were performed, only twenty-six are considered valid for analysis. 
The six excluded experiments, not referred to elsewhere in this communication, 
are as follows: Three experiments were excluded from the ‘‘Early Group’’ as 
a result of technical failures incident to perfection of the apparatus. Two 
experiments were excluded from Group I as a result of the occurrence of 
overwhelming edema in the isolated homologous lungs. Adjustment of the 
mechanies of respiration to prevent overdistention of the lungs and occlusion 
of a bronchus precluded this complication. In this connection a‘simply de- 
signed donor lung pan’ was helpful (Fig. 1). The sixth excluded experiment 
was from Group II because it was not possible to attain a nonpulsatile flow 
during by-pass. 

The twenty-six valid experiments form the basis of this communication and 
of Table I. Of these twenty-six animals, six were sacrificed immediately after 
operation ; these include the four animals of Group III because of resection of 
the heart and lungs, one animal of the Early Group because of extensive dis- 
section in the abdominofemoral region, and one other animal of the Early Group 
because of planned multiple-needle punctures to the thoracic aorta. 

Of the remaining twenty animals, three died within the first twenty-four 
postoperative hours; all the latter animals were in Group II. Two of these 
three animals died of postoperative bleeding, and the third died of cardiac 
arrest. The remaining seventeen animals recovered from anesthesia. Animals 
of both the pulsatile and nonpulsatile categories exhibited no diffierences in 
recovery pattern. Two of the seventeen died of late postoperative complica- 
tions; one animal in the Early Group died with jaundice and melena on the 
ninth postoperative day and one animal of Group I died of empyema of the 
chest on the twenty-sixth postoperative day. The remaining fifteen animals did 
well postoperatively. Most of these animals were able to eat a normal laboratory 
diet and to rise spontaneously and walk upon all fours on the first postopera- 
tive day. They all regained their postoperative behavior and activity by the 
end of the first postoperative week. At the time of sacrifice, all of these animals 
were clinically normal in behavior, activity, temperature, diet, and gastro- 
intestinal and urinary elimination. They were sacrificed from the third week 
to the third month postoperatively, as indicated in Table I. 

6. Post-Mortem Examinations.—Post-mortem examinations revealed no sig- 
nificant differences, either grossly or microscopically, between organs of those 
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animals in the pulsatile category and those animals in the nonpulsatile category. 
Description of the pathologic examinations will, therefore, consider all animals 
in a single class. 

Gross and microscopic examination of the fifteen animals that were sacri- 
ficed revealed all operative incisions to be healed and all body organs with the 
exception of the heart and kidney to be normal. Four animals showed scars in 
the kidneys that were compatible with old healed infarctions. It is significant, 
however, that no other organs showed scars consistent with infarction in any 
of these fifteen animals with one exception to be noted later. Most of the 
animals subjected to cannulation of the left atrium exhibited well endothelized 
and calcified plaques on the posterior wall of the left atrium. On microscopic 
examination the picture was compatible with healed or healing mural thrombi. 
In two of the animals subjected to left ventricular cannulation, there was a 1 
by 2 em. thrombus on a pedicle which was attached to the upper portion of the 
left ventricular septum and which extended into the cavity of the left ventricle. 
In one of these two animals there was no gross or microscopic evidence of emboli- 
zation or infarction in any organs. In the other animal, the only evidence of 
infaretion was a single microscopic area of ischemic necrosis in the subendo- 
cardial region of the left ventricle. 

Sections of the following organs were taken routinely for histologic exami- 
nation. Right lung, left lung, skeletal muscle, right ventricular wall, left ven- 
tricular wall, urinary bladder wall, spleen, liver, kidney, and cerebrum. Occa- 
sionally added sections included the cerbellum, medulla, pancreas, and adrenal 
glands. Tissues were embedded in paraffin, were cut at 6 microns, and stained 
with hematoxylin and eosin according to a standard procedure. The animals 
that were sacrificed immediately after the procedure or that died on the first 
postoperative day were autopsied, but sections of the organs of these animals 
were not taken for microscopic section. The animal in the Early Group that 
died on the ninth postoperative day showed signs of frank pneumonia with 
marked jaundice; the serum potassium and bilirubin levels on the day of death 
were 10 ye per liter and 12 mg. per cent, respectively. Gross findings in this 
animal were consistent with hepatitis, probably on the basis of leptospirosis. The 
animal in Group I that died on the twenty-sixth postoperative day had empyema 
of the chest with 2 L. of pus within the pleural spaces and, in addition, had 
gross and microscopic evidence of congestion and edema of most of the visceral 
organs including brain, liver, and kidneys. In three of the fifteen animals that 
same to sacrifice, incidental findings of parasitic ova in tuberele-like lesions 
were discovered on microscopic examination of the kidneys. Microscopic 
findings were otherwise normal. 


DISCUSSION 


Since the year 1890,° various investigators have perfused the circulation in 
whole or in part by the use of mechanical extracorporeal pumps. The majority 
of these workers utilized flows of relatively normal amplitude pulsation. Gib- 
bon® and Stokes and Gibbon" have successfully perfused the entire systemic 
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circulation during heart-lung by-pass of dogs, using flows of minimal amplitude 
pulsation obtained from the output of an artificial pump-oxygenator. Kantro- 
witz® reported successful by-pass of the left heart of cats using low amplitude 
flows. Dennis and associates’ have by-passed the heart and lungs of dogs, 
which subsequently recovered, using a pump-oxygenator producing flows with 
low-amplitude pulsations. 

The recent results of renal perfusion experiments suggest that the pulse 
has little or no functional significance although there is conflict with the results 
of earlier workers. Hooker,’ in 1910, perfused isolated dog kidneys and reported 
that the magnitude of the pulse pressure correlated with the rate of blood flow 
through the kidneys and the amount of urinary filtrate formed. Gesell,* in 
1913, perfused kidneys with pulsatile and nearly nonpulsatile blood flows. He 
reported that while renal blood flow was independent of the magnitude of the 
pulse pressure, the volume of and the chloride, urea, and total nitrogen content 
of the urine varied directly with the magnitude of the pulse pressure. In recent 
years three independent investigators have been unable to demonstrate any 
specific role of the pulse to renal function. Goodyer and Glenn® found that 
when the pulse was removed from the arterial supply to the kidney without 
change of the mean arterial pressure, the excretion of water and electrolytes 
and the renal clearance of inulin and para-aminohippurate remained stable. 
Selkurt?® and Ritter’? observed no significant changes in renal blood flow or 
renal function when the kidney was perfused at normal mean pressures using 
flows of reduced amplitude pulsations. These studies indicate that the pulse 
has no apparent role in renal hemodynamics. 

On the other hand, the reports of Parsons"! and MeMaster’® suggest that the 
arterial pulse plays a role in the dynamics of the lymph eireulation. They 
investigated the flow of lymph in isolated rabbit ears using both pulsatile and 
nonpulsatile flows. They concluded that a pulsatile flow promoted lymph 
formation and absorption, whereas nonpulsatile flows of the same or even higher 
mean pressures led to a decrease of lymph flow. Whether these findings would 
hold true in the intact rabbit ear, however, is not known. 

From the results of the present investigation, it can be said that the entire 
systemic circulation appears to be maintained equally well by the use of pulsatile 
and nonpulsatile flows for periods up to six hours. During both types of per- 
fusion there was little difficulty in maintaining normal blood pressures within 
the aorta at constant pump outputs. Within the limits of experimental error, 
the amount of blood transfused to the animals was equal to the amount lost 
during the procedure. It can be concluded, therefore, that the total peripheral 
vascular tone remained within normal limits and that no sequestration of blood 
occurred with the types of flow that were employed. 

During the present investigation, the following observations of organ and 
organismal function were made: During nonpulsatile perfusion experiments 
there was maintenance of central nervous system function, as was evidenced 
by a progressive lightening in the depth of anesthesia. In the nonpulsatile 
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experiments during which the experimental animal’s heart and lungs were 
resected, repeated doses of Nembutal were required in order to keep the animal 
anesthetized sufficient to the by-pass needs. In one of these latter experiments 
the nonpulsatile flow was continued for a period of six hours, and even here 
these conditions pertained. During the nonpulsatile perfusion experiments 
most hearts continued to beat in a coordinated manner. These animals at no 
time during the perfusion or during the postoperative period showed any gross 
or clinical evidence of pulmonary dysfunction. The results of phenolsulfon- 
phthalein excretion tests suggest that there was no disturbance in renal function 
during the nonpulsatile experiments. The recovery pattern of the animals of 
both the pulsatile and nonpulsatile categories was remarkable in that most of the 
animals could both walk and eat well on the first postoperative day. At the 
end of the perfusion in each of the four animals in Group ITI, vascular reactivity 
was studied by noting the reaction to intra-arterial test doses of neosynephrin 
and acetylcholine. Administration of neosynephrin led to a generalized slight 
rise in pressure, a 200 to 300 ml. increase in the volume of blood in the overhead 
depulsator, and a transitory decrease in pump output. Administration of 
acetylcholine led to a slight generalized hypotension, a 200 to 400 ml. decrease 
in the volume of blood in the overhead depulsator, and a transitory increase in 
pump output. 

Although this work indicates that total peripheral resistance remains un- 
altered by nonpulsatile flows, there are no observations in the present investiga- 


tion to demonstrate that regional or segmental peripheral tone remains un- 
altered. Another question unanswered by the present study is whether the 
mechanism of maintenance of vascular tone within the systemic circuit is identi- 
‘al during pulsatile and nonpulsatile perfusion. However, the work of recent 
investigators using kidney perfusions infers (1) that regional hemodynamics 
remain unaltered by a nonpulsatile flow and (2) that the mechanism of mainte- 
nance of regional tone may be the same with both types of flow. 


In certain forms of clinical shock, as in epidemic hemorrhagic fever and 
in late hemorrhagic shock, the pulsatile element of the circulation is considerably 
lessened. The present studies suggest that in these states, the reduction of the 
pulse may have no relation to the perpetuation of hypotension. 

The results of these studies have direct application to the field of extra- 
corporeal heart pumps in a twofold sense. First, it is remarkable that in spite 
of up to forty feet of extracorporeal circuit, there is not a more pronounced 
destruction of the formed elements of blood. Perhaps it is a tribute to the 
remarkable regenerative powers of the bone marrow of the experimental dog 
that this destruction is not more in evidence. Nevertheless, it is very reassuring 
to those who entertain the use of pumps for clinical cardiae by-pass that no 
profound destruction of the formed elements of the blood need oceur even when 
very long lengths of foreign surfaces are present in the extracorporeal circuit. 
Second, it would seem that there is a very wide latitude in the type of outflow 
that an extracorporeal heart pump can emit to effect successful heart or heart- 
lung by-pass. In simple terms, the main specifications for an extracorporeal 
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heart pump are (1) that the pump be eapable of handling blood in the quantities 
desired and (2) that it do so without marked destruction of the formed elements 
of the blood. 

SUMMARY 


1. A method for the study of the role of the pulse is described. It em- 
ploys total diversion of blood around the left heart or heart and lungs of experi- 
mental animals with perfusion of the entire systemic circulation using flows of 
known characteristics. 

2. Experimental animals were subjected to left heart or heart-lung by-pass 
with maintenance of the systemic circulation using flows with normal amplitude 
pulsation, reduced amplitude pulsation, or no pulsation. One group of animals 
were subjected to additional resection of the heart and lungs during nonpulsatile 
perfusion. 

3. Irrespective of the type of flow used to perfuse the systemic circulation, 
the triad of blood pressure, pump minute flow, and blood volume (blood balance) 
remained constant. 

4. Animals of the pulsatile and nonpulsatile categories demonstrated normal 
function of the central nervous system, heart, and kidneys and normal vascular 
reactivity during perfusions. 

5. Animals of both categories recovered equally rapidly during the early 
postoperative period. 

6. The experimental data indicate that the total peripheral vascular tone 


remains unaltered during nonpulsatile perfusion of the systemic circulation in 
the entire, intact experimental dog. 

7. The importance of these data to an understanding of normal vascular 
dynamics and to the design of extracorporeal heart pumps is discussed. 
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LTHOUGH there may be controversy regarding the importance of protein 
metabolism in certain aspects of surgery, we are convineed that protein 
depletion is a major factor in high mortality rates following major operations. 


FUNDAMENTAL FACTORS IN PROTEIN METABOLISM IMPORTANT TO THE SURGEON 


Since hypoproteinemia is a common preoperative and postoperative com- 
plication, it is essential that the surgeon be familiar with some of the im- 
portant physiologic features of protein metabolism. 

The Increased Nitrogen Excretion After Operation.—One of the most im- 
portant discoveries in the role of protein metabolism in surgery was made by 
Cuthbertson’ in 1930, when he discovered that fractures gave rise to marked 
increase in nitrogen exeretion. The inereased loss of nitrogen in the urine 
after fractures and major operations has been confirmed by numerous investiga- 
tors and may be as much as two to five times normal. It arises from (1) break- 
down of damaged tissue, (2) extravasation or loss of blood or plasma, and (3) 
breakdown of normal body protein. The exact mechanism in the catabolism of 
body protein is poorly understood except that it appears to be a physiologic 
response to the alarm reaction of Selye. Wounds, fear, rage, and numerous other 
stresses of various types can produce this reaction. Apparently these factors 
set up sympathetic nerve impulses which stimulate the adrenal gland to secrete 
adrenaline into the blood stream. Their reaction along with direct nervous 
activity stimulates the anterior pituitary to secrete ACTH, which in turn 
stimulates the adrenal cortex to seerete specific steroids, of which 25 or 30 
are known. These may be of three types: (1) those resembling desoxycorticos- 
terone which affect excretion of water and electrolytes, (2) the 17-ketosteroids, 
and (3) the 11l-oxysteroids, which have a direct effect on metabolism and 
appear to labilize or sensitize the body proteins so that they are more readily 
available upon call from various sources. 

The inereased nitrogen excretion lasts for several days after operation (see 
Figs. 1 and 2), depending upon the severity. Ariel* has shown that a shift in 
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protein takes place during the operative procedure. He noted an average 
drop of 0.4 Gm. per cent during the time the operation started and one-half 
hour after its completion. During this period, when 43 Gm. of protein had 
disappeared from the blood stream, only 8.8 Gm. (1.4 Gm. N) was accounted 
for by urinary excretion. In other words, 34.2 Gm. of protein was unaccounted 
for. Apparently it went into some body compartment. 


Daily Nitrogen Balance Following Herniorrhaphy _ 
2 (Effects of high protein diet and ambulation) 
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GroupC: Fed basal diet+ 20% daily 
(Ambulation) 40% protein }+ 19.4 gm.N. 
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Fig. 1.—The nitrogen balance studies following herniorrhaphy as illustrated here reveal 
a marked negative balance of 31.4 Gm. nitrogen over a six-day period in the patients (Group 
A) fed a routine hospital diet as indicated. When the patients were given a basal diet + 20 
per cent with 40 per cent protein every day postoperatively (Group B), there was a positive 
balance of 7.6 Gm. nitrogen; the positive balance was increased to 19.4 Gm. nitrogen when 
ambulation was added to the regimen (Group C). There were three patients in Group 4A, 
seven in B, and five in C. (Modified from Keeton, Cole, and associates? in Ann. Int. Med.). 


The catabolic loss of nitrogen following operation has been. the subject 
of much speculation as to our ability to prevent it, and the desirability of 
prevention. However, enough evidence has already accumulated to show that 
the negative nitrogen balance can be lessened considerably, at least in opera- 
tions of moderate severity, by an early dietary intake and liberal amounts of 
intravenous fluids.*»* The loss of nitrogen on the day of the operation appears 
to be related primarily to the ‘‘starvation’’ period beginning the night before 
the operation, and the catabolic response is not manifest until the first day 
(Beal and associates’). The greatest loss occurs on the first and second post- 
operative day. 

Conservation of Nitrogen by the Malnourished Patient—Several years ago 
Peters® reported that the malnourished patient conserves nitrogen better than 
the normal individual. This would appear to be an unexpected reaction, and 
might be explained by one or two or more mechanisms. Perhaps the body de- 
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pleted of nitrogen can conserve it, just as the kidney conserves sodium chloride 
when there is excess loss of this electrolyte. Also there may be a mild degree of 
hypocorticoadrenalism in malnourished patients, and the stress reaction is 
therefore subdued; the fact that the administration of ACTH to certain mal- 
nourished patients improves operability’ may support this supposition. 

The Deleterious Effects of Bed Rest on Nitrogen Balance.—The beneficial 
effects of ambulation after operation are perhaps of less importance to the 
surgeon than the deleterious effects of bed rest on nitrogen balanece.® ® Many 
severely ill patients requiring operation are so loath to get out of bed that un- 
knowingly surgeons perform some of the most serious operations on patients 
with a negative nitrogen balance brought about by bed rest, even though caloric 
intake may be reasonably good. Accordingly, surgeons must be alert con- 
stantly to be sure that patients being studied in hospitals and being prepared 
for operation are out of bed several hours per day. Only for emergency 
procedures are we justified in operating on patients who do not have the 
beneficial effects of ambulation. 


Effect of Cholecystectomy and Herniorrhaphy 
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Fig. 2.—Average figures in five patients having cholecystectomy and four patients having 
herniorrhaphy. The drop in total protein and albumin after cholecystectomy was statistically 
significant but mild, and remained so through the eleventh postoperative day. The drop in 
the patients having herniorrhaphy was less, and by the fifth day was no longer significant. 
(Modified from Keeton, Cole, and associates? in Ann. Int. Med.). 


Utilization of Proteins as Fuel.—It is well known that the human body needs 
about 1 Gm. of protein per kilogram of body weight, but under numerous condi- 
tions needs much more. Fever, infection, trauma, and so forth are examples 
of conditions increasing protein needs. Furthermore, even in healthy in- 
dividuals, 1 Gm. per kilogram is inadequate to prevent use of protein for fuel 
unless carbohydrate or fat is given with it. Elman and associates’® have shown 
that at least 100 Gm. of carbohydrate must be given with amino acids to pre- 
vent their use by the body as fuel. 
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Unreliability of Plasma Protein Levels as Indication of Protein Stores or 
Needs.—Although plasma proteins are very helpful in determining protein 
deficits and needs, such figures may be very misleading unless good clinical 
judgment is utilized in their interpretation. It is well known that dehydration 
will result in abnormally high figures, which may be normal or even above 
normal even though a serious hypoproteinemia exists. Good clinicians recog- 
nize this and draw no conclusions until dehydration is corrected; another 
plasma protein taken the next day after dehydration has been corrected will 
vive a much more accurate estimation of protein values. Blood volume deter- 
mination will aid greatly under such circumstances. 


Misleading Normal Plasma Protein Level in Face of Grossly Inadequate Home 
Caloric Intake and Severe Weight Loss (24Ibs, in 3 mos.) 
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Fig. 3.—Patient C. R. 41-43-85 was a white man, aged 72, with a carcinoma of the 

tongue and enlarged neck lymph nodes. Weight loss during the previous few months was 24 
pounds. The normal protein level was obviously misleading since the patient had a history 
of inadequate caloric intake with loss of 24 pounds the previous three months. The patient 
had a normal hemoglobin, and no preoperative blood transfusion but quite certainly had a 
decreased blood volume; in retrospect, we should not have ignored this possibility. As might 
be expected, after his radical neck dissection, the plasma protein level dropped precipitously. 
Only by transfusions and intensive oral intake (by tube) along with intravenous Amigen and 
glucose was the hypoproteinemia corrected. 


There is another misleading factor which is more difficult to interpret, 
even though hydration is adequate. We realize that in the presence of protein 
depletion the protein reservoir in the blood stream is available to eall from 
various organs. However, all clinicians are aware of the fact that on certain 
occasions the protein level in plasma may be normal when there is a definite 
history of inadequate food intake for weeks. Under such circumstances it may 
be assumed that many of the organs were to some extent depleted or that the 
blood volume had decreased sharply. In either case one would expect the 
patient to be a very poor operative risk unless the depletion were corrected 
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(see Fig. 3). On other occasions the caloric intake may be relatively normal 
but the plasma proteins are low. Under such circumstances the laboratory 
data may be much more accurate than clinical judgment. <A serious but 
asymptomatic lesion, such as a malignant ulceration of the gastrointestinal 
tract resulting in severe loss of proteins, may be present, and explain the low 
plasma protein in spite of a normal calorie intake. 


FUNCTIONS OF PROTEINS 


The necessity of protein for body function is recognized by all, but some of 
the important metabolic features are not fully appreciated. Fats can be stored 
in large quantities, but storage facilities for protein are quite limited. For 
this reason it is important that a daily intake of protein be maintained if at 
all possible; however, for one or two days following all major operations pro- 
tein intake will be much below body needs. Minimum needs for protein are 
about 1 Gm. per kilogram of body weight; this increases with heavy exercise 
and many disease processes. 

One of the most important functions of body proteins is maintenance of 
osmotic pressure. If proteins are lost suddenly, as in hemorrhage, shock 
develops; if the loss is gradual, a chronic shock (Lyons and associates") 
develops. Although the term ‘‘chronie shock’’ has been applied to severe 
hypoproteinemia, the blood pressure may be diminished only slightly, but if 
the chronic deficiency is maintained the blood pressure will ultimately decline 
to shock levels. 

Proteins are essential to repair and growth of tissue. It is well known, 
however, that wounds will heal in spite of a moderate hypoproteinemia. If 
the total plasma proteins are below 5 Gm. per cent, and particularly if the 
plasma albumin is below 2.5 Gm. per cent, healing will be minimal or absent. 

Maintenance of hemoglobin is dependent upon body protein. As a matter of 
fact, production of hemoglobin takes precedence over formation of other body 
proteins, which may be sharply depleted to maintain the hemoglobin level. 

A major portion of the immunologic processes are dependent upon protein, 
particularly the gamma globulin fraction. Accordingly, resistance to disease 
processes is lowered by protein depletion. 

As has been shown by Ravdin and Vars,’* protein as well as carbohydrates 
is essential in the protection of the liver against injury inflicted by infection, 
chemicals and so forth. Sinee the liver is important in the formation of certain 
proteins, this effect may create a vicious circle in deficiency. 

Since proteins are amphoteric they are of some value in maintaining acid- 
base balance; they may act as acids to combine with bases. 

Reference has already been made to the fact that in times of stress and in- 
adequacy of fat and carbohydrate, protein is used by the body as fuel. Needless 
to say, this is a very undesirable function and should be prevented if possible. 


CAUSES OF PROTEIN DEFICIENCY OR NEGATIVE NITROGEN BALANCE 


Inadequate Intake——Without question this is the most common cause of 
hypoproteinemia, and may result from any of numerous mechanisms. Logs of 
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appetite is perhaps the most common. Almost any disease process in the peri- 
toneal cavity, and many outside this region, may result in anorexia. Practi- 
eally all types of obstruction, even though partial, result in anorexia, if not 
vomiting. On many oceasions pain itself is the primary factor in inadequate 
intake, even though located outside the abdomen. Hypoproteinemia is very 
common in patients with chronic lesions (particularly carcinoma) in the mouth 
or pharynx, because chewing and swallowing may be painful and thus prevent 
adequate intake (see Fig. 3). On other occasions pain develops after intake 
of food because of some disease process in the gastrointestinal tract. 

Trauma.—Numerous types of trauma may result in hypoproteinemia. In 
the first place, any operation or traumatic insult invokes the “alarm reaction” of 
Selye, an important feature of which is a marked increase in nitrogen excre- 
tion. The abnormal nitrogen loss following the average operation lasts only 
a few days, but if the causative factor of the ‘‘alarm reaction’’ is prolonged a 
significant hypoproteinemia will result. However, as has already been men- 
tioned, it is known that a depleted patient is able to conserve nitrogen more 
effectively than a normal individual. 

Hemorrhage results in an immediate hypoproteinemia, which of course 
will result in shock and death if severe enough. Chronic hemorrhage may re- 
sult in hypoproteinemia, which when prolonged may result in insufficiency of 
many organs, which may result in death through many mechanisms. Any loss 
of blood which is too great to be made up by the hemopoietic reserve will re- 
sult in anemia and hypoproteinemia. 

Hypoproteinemia due to burns is common and serious, but has been dis- 
cussed so thoroughly elsewhere that it will not be discussed here. 

Hepatic Insufficiency Fibrinogen and prothrombin are thought to be pro- 
duced exclusively by liver cells. Serum albumin may be a direct product of the 
liver, but proof is inadequate. Alpha globulin and gamma globulin enzymes 
apparently originate in the liver. Gamma globulin is produced by the reticulo- 
endothelial system, a part of which is in the liver. Accordingly, it is obvious 
that hepatic disease might result in hypoproteinemia (see Fig. 4). Usually 
there is a drop in serum albumin before the total protein is reduced, indicating 
that the globulin increases simultaneously. This gives rise to a reversal (or 
tendency toward reversal) of the albumin-globulin ratio. This reversal is not 
an early manifestation of hepatic insufficiency but is strongly indicative of its 
presence. It does oceur frequently in malnutrition. Under such circumstances 
the malnutrition might affect the liver directly and in this manner might pro- 
duce the albumin-globulin reversal. 

Ulcers.—There are numerous types of ulcers which may give rise to hypo- 
proteinemia. This depletion is increased if hemorrhage also takes place. It 
is not fully appreciated that massive ulcers of the leg will produce severe 
hypoproteinemia, particularly if edema secondary to varicose veins or other 
‘auses is present. The severity of the protein depletion is dependent upon the 
amount of plasma lost from the ulcerated surface. Burns result in severe 
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hypoproteinemia. In the early stages of the burn the plasma is trapped in the 
edematous tissue, but later it is lost through the uleer which develops under 
the burned, sloughing skin. 

Diarrhea, Intestinal Fistulas, Vomiting.—Loss of intestinal content is in- 
volved in each of these mechanisms. If bleeding is associated with the diar- 
rhea, depletion is naturally much more rapid; certain types of infection like- 
wise increase the degree of depletion. High intestinal fistulas produce hypo- 
proteinemia, usually with an intensity varying inversely with the distance from 


Relation of Plasma Proteins to Severe Preop. 
Weight Loss and Profuse Postop. Ascitic Drainage 
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Fig. 4.—This patient, M. H. 41-35-71, aged 52, entered the hospital after two previous 
operations for a stricture of the common duct; he was emaciated and jaundiced. Liver 
function tests revealed a thymol of 12 to 15, a cephalin test of 0 to 2+, and a reversed 
albumin-globulin ratio. Plasma proteins including the albumin dropped precipitiously after 
operation (Roux Y choledochoplasty). Adequate caloric intake was never achieved. The 
postoperative course was complicated by distention and ascites, with profuse drainage of 
ascitic fluid around the drain site. In spite of intensive therapy with intravenous blood and 
human albumin he expired. 


the duodenum; the explanation is fairly obvious, being related to loss of the 
intestinal content before absorption can be accomplished. If the fistulas are 
located in the colon, malnutrition will rarely develop because absorption of food 
content has already taken place before the intestinal stream reaches the cecum. 
Vomiting can result in hypoproteinemia only if persistent and fairly constant ; 
however, this occurs rather uncommonly, largely because vomiting is rarely 
intensive unless high and complete obstruction is present. Under such cir- 
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cumstances the effects of dehydration and electrolyte imbalance will reach a 
critical level before hypoproteinemia becomes significant. 

Infection.—Hypoproteinemia may develop rapidly, and to an intense degree 
in certain types of infection (see Fig. 5), depending upon factors such as 
amount of fever, caloric intake, and so forth. Edema is a fairly constant 
manifestation of infection in tissue, and may be so massive as to result in a 
fairly severe acute hypoproteinemia. If the patient survives, this fluid, which 
contains protein in concentration equal to that of plasma, will for the most 
part be returned to the blood stream. If abscesses are formed and drained to 
the exterior, significant protein loss takes place if discharge is profuse, because 
the protein content of this purulent material may vary between 2 and 4 Gm. 
per cent. 


Effect of Wound Infection with Profuse Drainage on Plasma Proteins 
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Fig. 5.—This patient, J. M. 41-38-58, was a white woman, aged 73, who entered the 
hospital because of a persistent vaginal discharge. <A large pelvic mass was palpable. At 
operation the mass involved the sigmoid colon and proved to be diverticulitis. An anterior re- 
section was performed. The postoperative course was characterized by a profound drop in 
plasma proteins (especially of the albumin fraction), and a severe wound infection with 
profuse drainage. The dramatic return of the protein levels to normal was brought about 
by blood and plasma, and a fairly good caloric intake. 


Peritonitis may result in severe hypoproteinemia if the disease process ex- 
tends over a long period of time. Bower and associates** noted that in dogs 
with spreading peritonitis there was an average decrease of 21.5 per cent in 
plasma volume and of 14.9 per cent in the total circulatory plasma protein. 
This decrease in plasma volume is still more pronounced in the experiments 
reported by Ebert and associates,** who noted an average reduction of 44 per 
cent in the plasma volume of five untreated dogs with peritonitis; when 
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examined after death these animals had 55 to 350 ml. of fluid with an average 
protein content of 2.5 Gm. per 100 ml. in their peritoneal cavities. These losses 
in plasma volume can be interpreted as acute hypoproteinemia (at least of a 
temporary type) in so far as this deficit in the circulating plasma protein is 
lost to the body. Whether or not the fluid ‘‘trapped”’ in the peritoneal cavity 
can be returned to the circulation will depend upon how much, if any, is lost 
through drainage. Since the protein content of purulent peritoneal drainage 
may be as high as 2.5 to 4.0 Gm. per cent, the development of a hypoproteinemia 
in peritonitis is readily understandable. 


Intestinal Distention.—It is not fully appreciated that intestinal distention 
results in such a serious temporary entrapment of plasma. For example, 
Gendel and Fine’® have reported an average decrease of 36.4 per cent in the 
plasma volume of dogs if long segments of small bowel are distended for four 
to six hours, and a decrease of 55 per cent after twenty-four hours of dis- 
tention. Furthermore, Fine and associates'® noted that in patients with in- 
testinal obstruction the increase in plasma volume may be as much as 1,000 ml. 
following decompression of the intestine. 


As explained previously, the decrease in plasma volume described here is 
equivalent to an acute hypoproteinemia, although the actual chemical analysis 
of the blood or plasma may not reveal any decrease in the quantitative level. 


Transudates and Exudates.—F luids of this type contain protein in con- 
centration equal to 2 to 4 Gm. per cent, and if lost to the body will be respon- 
sible for a serious hypoproteinemia. Most of the exudates will be lost to the 
body, but many of the transudates (for example, pleural effusion and ascites) 
will be lost temporarily but if absorbed will, of course, replenish the plasma 
volume. Unfortunately, fluid often accumulates rapidly and in such large 
amounts as to produce compression symptoms, and consequently may have to 
be aspirated. On other occasions the amount of fluid may not be sufficient to 
produce compression symptoms but it may become infected and thus have to 
be drained. On many occasions it is desirable to be slow to remove the fluid, 
even though it is accumulating in large quantities and may be producing some 
symptoms. An example of this is the accumulation of ascitic fluid in patients 
with cirrhosis of the liver. It is well known that tapping the peritoneal cavity 
often results in a rapid accumulation of fluid for a few days until the pressure 
within the abdominal cavity returns to a high level, which presumably slows 
down the transudation. 

On certain occasions transudation and exudation takes place simultane- 
ously. Loeal or general peritonitis in the presence of ascites, and drainage of 
fluid from the pleural cavity initiated by leakage of a suture line following 
esophagectomy may be considered examples of this complication. Under these 
circumstances the threat to life is serious from several standpoints. In the 
first place the loss of fluid may amount to 1,500 to 2,000 ¢.c. per day and the 
protein loss too great to make up by intravenous or oral intake, the latter of 
which is often very limited. In the second place the infection may be very 
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serious. Such is usually the case in patients with leakage from a suture line, 
which in the case of esophagectomy will result in a mediastinitis as well as 
pleural empyema. 

Loss by Renal Damage.—Albuminuria will deplete the body rapidly of 
protein if the concentration of albumin in the urine is high, as occurs in the 
nephroses. Fortunately such lesions rarely develop as postoperative complica- 
tions; the surgeons’ contact with these diseases is usually limited to the treat- 
ment of a lesion independent of the nephroses. However, nephritis with 
albuminuria develops fairly commonly as a surgical complication, particularly 
in older people with arterioscerotic kidneys. Even then the protein loss in such 
patients is not often marked enough to add much to the problem of hypo- 
proteinemia. 

Miscellaneous Causes.—Protein deficiencies may be due to physiologic causes, 
such as pregnancy, hyperthyroidism, and increased normal growth. Neoplasia 
is another cause of deranged protein metabolism apart from the mechanical 
interference with body function. Although the cause is unknown, increased 
catabolism of body protein as well as toxic factors has been suggested as a 
possible mechanism in this type of depletion seen frequently in advanced 
cancer. 

CORRECTION OF HYPOPROTEINEMIA 


Any consideration of treatment of hypoproteinemia must bear in mind the 
fact that the average adult at rest requires about 1,850 calories per day to 
maintain weight; furthermore, the protein requirements are at least 1 Gm. 
per kilogram. In the depleted patient it is desirable to increase the calorie in- 
take to the maximum degree. With proper medical and dietetic care the in- 
take may be increased to 4,000 or 5,000 calories per day. Rarely will this be 
possible in patients with carcinoma in locations such as the stomach and colon, 
but it is often possible in patients who have some benign lesion which can be 
improved by proper medical therapy. 

At any rate, it is highly desirable that a patient who has lost more than 
10 or 15 pounds in fifteen or twenty days gain a portion of his weight loss 
back. It is not essential that all of the weight loss be made up; particularly is 
this true in obese patients who lose weight slowly. Under such occasions a 
major portion of the loss will be fat. On the contrary, a weight loss of 15 
pounds in a lean individual will usually be associated with considerable protein 
loss. Plasma protein determinations are very essential in such individuals, but 
in such instances protein depletion obviously exists even though the plasma 
protein is within normal limits. We have good clinical evidence that some 
patients shift protein from body stores and various organs much more quickly 
than others. One must always bear in mind the fact that a dehydrated patient 
may have a normal protein level which will be appreciably below normal when 
the dehydration is corrected. 

Reference has already been made to the negative nitrogen balance oceurring 
after major operations, with maximum intensity on the first and second post- 
operative days. In experiments carried out in collaboration with the Depart- 
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ment of Medicine a short time ago we noted that a positive nitrogen balance 
could be achieved for a six-day period by increasing the daily caloric intake 
and ambulation (see Fig. 1), but regardless of the therapy a slight negative 
balance on the first and second postoperative days could not be prevented 
after herniorrhaphy. 

The best performance achieved by the methods tried were a positive 
balance of 19.4 Gm. of nitrogen for the six-day period following a basal diet 
plus 20 per cent with 40 per cent protein (2.75 Gm. per kilogram), and with 
the patient ambulated. The failure of such an ideal postoperative regimen to 
eliminate the negative balance on the first and second days, even though ade- 
quate dietary intake is maintained, indicates quite clearly that the peak period 
of negative nitrogen balance is due to an increased catabolic phase and not to 
the inadequate caloric intake associated with the average postoperative diet. 
It is interesting to note that in these experiments when the calorie intake was 
increased to a basal diet plus 100 per cent with only 1.21 Gm. protein per 
kilogram and without ambulation (not shown in Fig. 1), there actually was a 
negative balance of 17.5 Gm. nitrogen for the six-day period. The negative 
nitrogen balance was greater than in a group of patients given the same 
amount of protein but much smaller caloric intake (basal diet plus 20 per cent) 
and likewise without ambulation. This presents fairly good evidence that a 
markedly increased caloric intake postoperatively may be harmful unless the 
protein content is high. Additional evidence of ill effects of a high caloric 
intake on nitrogen balance postoperatively is revealed by another group of 
patients in our series (not shown in Fig. 1) in which a basal diet plus 100 per 
cent with 2.64 Gm. protein per kilogram was given postoperatively along with 
ambulation. Since the positive balance of 10.2 Gm. nitrogen for the six-day 
period was actually less than the 19.4 Gm. in a series treated exactly the same 
except for a total caloric intake of basal diet plus only 20 per cent, it is ob- 
vious that the increase in carbohydrate and fat to a level twice the expected 
need was actually harmful to the nitrogen balance. 

Elective operations should never be performed on patients with hypo- 
proteinemia or a negative nitrogen balance. When oral intake is possible these 
decrements can be neutralized effectively. When hypoproteinemia is due 
primarily to blood loss, it may be corrected still more rapidly by blood trans- 
fusion and a high calorie diet (see Fig. 6). When hypoproteinemia is due to 
inadequate caloric intake or abnormal losses (other than blood), the depletion 
cannot be corrected so readily. If red cell loss has been minimal, the amount 
of whole blood which can be given is limited. However, intravenous plasma 
and amino acids ean be given with great benefit. Although oral intake of food 
is obviously the best method of giving calories, we are convinced that the value 
of intravenous plasma and amino acids has been underestimated. 

Opinions differ as to the value of intravenous plasma, particularly as to 
the rapidity of utilization. Fink and associates’’ have noted that when plasma 
labeled with radioactive isotopes was given intravenously, 50 per cent of it left 
the blood stream within twenty-six hours, and apparently supplemented the 
general store of body protein. Within seven days about one-half of injected 
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plasma is used in combustion; most of the remainder is utilized in formation of 
tissue proteins, although five to seven days may be consumed in the process 
(Albright and associates**). 

Although plasma is quite effective in treating protein depletion, it is quite 
expensive, namely, about $1.00 per gram of protein. Intravenous amino acids 
(for example, hydrolyzed casein) are much less expensive, but no more than 75 
per cent are available for use by the body. Theoretically there is about as much 
utilizable protein in 1,000 ¢.c. amino acid (hydrolyzed casein) solution as in 500 
e.c. plasma. We grant that there is controversy regarding the utilization of 
amino acids, but we accept the conclusions of the majority of workers investi- 
gating this problem, namely, that they are utilized. Human albumin is more 
effective than either plasma or amino acids in correcting hypoproteinemia, but 
it is fully twice as expensive as plasma and, if given in large doses, may result 
in heart failure (Waterhouse and associates’®). It should be noted that 25 Gm. 
of human albumin has the osmotic equivalent of about 500 ¢.c. of citrated plasma. 


ROLE OF PLASMA PROTEIN IN OPERABILITY 
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Fig. 6.—This patient had a bleeding duodenal ulcer with obstructive symptoms which 
apparently were of the “spasm” type rather than fibrotic. The hemoglobin was only 3.5 Gm. 
per cent and the hematocrit 16. Under hospital care the patient was able to eat over 4,000 
calories per day. Afer 3,000 c.c. of blood was given, and a high dietary intake was main- 
tained, the plasma protein rose from 5.0 to 6.2 Gm. per cent. In spite of this high caloric 
intake he lost 4 pounds in eight days, presumably because the hypoproteinemia was sufficiently 
severe to produce generalized edema (not recognized grossly), which disappeared as the 
hypoproteinemia was being corrected. (After Cole in Ulster M. J., in press.) 


There is slight evidence that if plasma is given in large quantities it is not 
utilized effectively. Accordingly, it is preferable that no more than 1,000 e.c. 
per day be given, unless a sudden loss of blood has taken place. As much as 
3,000 ¢.c. of amino acid solution can be given per day, but we do not often 
administer more than 2,000 ¢.c., giving the rest of the required fluid as 5 per 
cent glucose in water or sodium chloride as indicated. The amino acid solution 
is available in various solutions. There is some advantage in using a mixture 
with 10 per cent fructose in so far as fructose is supposedly more rapidly 
metabolized than glucose, thus allowing administration as rapidly as the amino 
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acid solution (about 300 ¢.c. per hour) without loss of a significant amount 
of fructose in the urine; this allows administration of twice as much earbo- 
hydrate as when giving the hydrolyzed casein in 5 per cent glucose. 

When trying to obtain maximum administration of food by mouth in a 
patient with gastrointestinal disease with poor appetite or partial obstruction, 
dietary consultation is essential. A patient who is already affected with anorexia 
or nausea cannot take foods which he dislikes and does not eat under normal 
cireumstances. Too often, indeed, hospital personnel fail to appreciate this, and 
vomiting or an unhappy patient is the result. With a few simple questions it is 
usually possible to pick some simple foods high in calorie value which will be 
taken voluntarily in relatively large quantity. At times it will be desirable and 
profitable to insert a small plastic tube into the stomach and feed the patient by 
drip method. All hospitals have their own pet formula for these concentrated 
liquid diets. One is about as good as the other so long as certain requirements 
are met, namely, that the caloric concentration be high enough (minimum of 
0.75 calories per cubic centimeter to avoid overload of fluid), and be low enough 
(not to exceed 2 calories per cubie centimeter) to prevent the hypertonic effect 
of too much concentration. A low concentration of fat is desirable. We have 
found some of the commercial food mixtures quite satisfactory, for example, 
Sustagen with a low fat content, and Ediol (coconut oil and sucrose) with 5 
calories per cubic centimeter, but the fat in very fine particles; the latter is 
particularly useful in reinforcing other foods. 


SUMMARY 


Much improvement has been made in mortality rate following major 
operations during the past two or three decades, but malnutrition remains 
a difficult problem to correct, and deserves much more attention on the part 
of the surgeon. For years, we have been aware of the increased nitrogen 
excretion after operation. This negative nitrogen balance appears to be 
closely related to the alarm reaction of Selye. Experiments show that with 
early feeding after operation, the negative nitrogen balance can be diminished 
but not completely obliterated. 

The deleterious effects of bed rest on nitrogen balance are not fully ap- 
preciated by the surgical profession. We must make sure that no elective 
surgery is performed on a patient who has been immobilized in bed for a few 
days prior to the date of operation. 

Proteins will be used as fuel unless carbohydrates or fat is available for 
use by the body. Plasma protein levels are very important in determining 
the state of protein metabolism, but, unfortunately, may be very misleading. 
In dehydration they will be abnormally high. On other oceasions, they may 
be normal, whereas insufficient food intake may be known to exist for several 
weeks preceding examination. It is rather obvious that the blood stream 
draws upon protein deposits in an effort to keep the plasma level as nearly 
normal as possible. The causes of protein deficiency are innumerable. The 
important ones are inadequate intake, trauma, hepatic insufficiency, ulcer 
(external or in intestinal tract), diarrhea, fistulas, infection, intestinal dis- 
tention, transudates, and exudates. 
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If a patient requiring a major operation has a history of inadequate food 
intake for a period shortly before operation, all possible effort must be mack 
to correct this malnutrition. Obviously, foreed feedings by mouth are desir- 
able. Occasionally, feedings by nasal tube are more effective than oral intake. 
Intravenous therapy including glucose and amino acids must be utilized wher- 
ever possible. If a patient has lost 10 or 15 pounds in fifteen or twenty days 
preceding operation, intense effort must be made to gain part of that back. 
Blood transfusions are very effective in improving hypoproteinemia. Intra- 
venous plasma is likewise very effective, but expensive. 
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